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Control,  as  the 
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Ventilator  300  with  its 
real-time  control,  adjusts 
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efficient.  99 
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We  just  made  advanced  capnography 
something  it's  never  been  before. 


Simple. 


With  the  ULTRA  CAT  monitor, 

mainstream  capnography  and  pulse 
oximetry  are  as  simple  as  connecting  the 
sensors  and  pushing  a  button. 

Miniaturized 

mainstream 

technology 

Advanced  design 
makes  the  infrared 
mainstream  sensor 
small,  lightweight, 
easy  to  use. 

Fast  warm  up. 

Almost  immediate  warm  up  to  full  speci- 
fications (typically  about  45  seconds). 
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No  calibration  required. 
Makes  it  very  easy  to  use.  Saves  time,  too. 

Excellent  moisture-handling 
capability 

Reliable  performance,  even  in  the 
presence  of  significant  moisture,  patient 
contaminants  and  nebulized  medications. 

Simplify  your  life  with  the  ULTRA  CAP 
monitor.  It  does  its  job  so  you  can  do  yours. 

For  more  information  about  the 
ULTRA  CAP  monitor,  see  your  Nellcor 
representative  or  call  1-800-NELLCOR. 

Internationally,  call  our  European  office 
in  the  Netherlands  at  +31.73.426565  or  our 
Asia/Pacific  office  at  +852.529.0363. 
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Make  work  of  breathing  light  as  a  feather! 

Drager  is  the  first  to  otter  you  Minimum  Pressure  Ventilation,  a  feather  light  synchronizing 
ventilation  philosophy  that  lets  you  deliver  volume  constant  pressure  control. 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 


Can  We  Relax  during  Spirometry?  (editorial) — P  En- 
right.  Am  Rev  Respir  Dis  1993;148:274.  (Pertains  to  Stol- 
ler  et  al  paper  abstracted  below.) 

Diaphragmatic  Pacing  (clinical  commentary) — J  Mox- 
ham,  JM  Shneerson.  Am  Rev  Respir  Dis  1993:148:533. 

Barotrauma:  Detection,  Recognition,  and  Management 

(review)— TW  Marcy.  Chest  1993:104:578. 


Does  the  Bronchoscope  Propagate  Infection?  (review) — 
UBS  Prakash.  Chest  1993:104:552. 

Sedation,  Analgesia,  and  Paralysis  in  the  Intensive  Care 

Unit  (review)— AP  Wheeler.  Chest  1993:104:566. 

Clinically  Available  New  Strategies  for  Mechanical  Ven- 
tilatory Support  (review) — NR  Maclntyre.  Chest  1993; 
104:560. 


Influence  of  Atelectasis  on  Pul- 
monary Function  after  Coronary 
Artery  Bypass  Grafting — FS  Var- 
gas, A  Cukier,  M  Terra-Filho,  W 
Hueb,  LR  Teixeira,  RW  Light.  Chest 
1993:104:434. 

The  purpose  of  this  study  was  to  de- 
termine the  influence  of  atelectasis 
on  pulmonary  function  6  days  fol- 
lowing coronary  artery  bypass  graft- 
ing (CABG).  After  6  days,  30  pa- 
tients had  normal  chest  radiographs, 
38  had  atelectasis,  and  57  had  pleural 
changes.  In  1 1  patients,  atelectasis 
only  was  observed  in  the  radiograph, 
and  in  27  it  was  in  combination  with 
pleural  changes.  The  decrease  in 
FVC  and  FEVi  in  the  patients  with 
atelectasis  was  33.4  and  33.5%  in  the 
SVG  (saphenous  vein  graft)  group 
and  34.8  and  34.3%  in  the  IMA  (in- 
ternal mammary  artery)  group,  while 
in  those  patients  with  a  normal  radio- 
graph, the  decrements  were  26.3  and 
26.9%  in  SVG  group  and  26.1  and 
26.9%  in  IMA  group,  respectively. 
Thus,  patients  with  atelectasis  on  the 
6th  postoperative  day  have  a  larger 
decrement  in  pulmonary  function 
post-CABG  than  the  patients  with 
normal  chest  radiograph  and  this  re- 
duction reflects  a  higher  degree  of 
thoracic  trauma. 


Improving  Inhaler  Adherence  in  a 
Clinical  Trial  through  the  Use  of 
the     Nebulizer      Chronolog — MA 

Nides,  DP  Tashkin,  MS  Simmons, 
RA  Wise,  VC  Li.  CS  Rand.  Chest 
1993:104:501. 

This  study  examined  whether  uti- 
lizing an  electronic  medication  mon- 
itor (Nebulizer  Chronolog)  to  pro- 
vide participants  with  detailed  feed- 
back on  their  metered-dose  inhaler 
(ipratropium  bromide  or  placebo)  us- 
age patterns  would  result  in  closer 
adherence  to  the  prescribed  regimen 
of  two  inhalations  three  times  daily 
compared  to  a  control  group  not  re- 
ceiving feedback.  Adherence  was 
also  measured  by  canister  weighing 
and  self-report.  Two-hundred  fifty- 
one  consecutive  special  intervention 
participants  from  the  University  of 
California.  Los  Angeles,  and  Johns 
Hopkins  University  centers  of  a  Na- 
tional Heart,  Lung,  and  Blood  In- 
stitute-sponsored clinical  trial  were 
enrolled  in  this  ancillary  study.  Com- 
pared to  controls,  feedback  partici- 
pants at  the  4-month  follow-up  ad- 
hered more  closely  to  the  prescribed 
three  sets  per  day  (mean  1.95  vs 
1.65)  and  used  the  prescribed  two  ac- 
tuations in  a  greater  percentage  of 
sets  (80%  vs  60.3%).  These  results 


indicate  that  electronic  monitoring  of 
metered-dose  inhaler  use  with  a 
Nebulizer  Chronolog  in  a  clinical 
trial  not  only  provides  a  more  ac- 
curate assessment  of  adherence  to 
prescribed  inhaler  use,  but  also  en- 
hances adherence  when  participants 
are  given  feedback  of  the  monitoring 
results. 

Trial  of  Standard  versus  Modified 
Expiration  to  Achieve  End-of-Test 
Spirometry  Criteria — JK  Stoller,  S 
Basheda,  D  Laskowski,  M  Goormas- 
tic,  K  McCarthy.  Am  Rev  Respir  Dis 
1993:148:275. 

To  assess  whether  satisfying  Amer- 
ican Thoracic  Society  (ATS)  end-of- 
test  spirometry  criteria  can  be  en- 
hanced by  modifying  the  patient's 
expiratory  technique,  we  conducted 
a  cross-over  trial  of  two  expiratory 
techniques  in  48  patients  with  a 
range  of  pulmonary  functions 
(Group  1.  n  =  12:  FEV,/FVC  <  0.45: 
Group  2.  n  =  1 1:  FEV,/FVC,  0.45  to 
0.60;  Group  3.  n  =  16:  FEV,/FVC, 
0.61  to  0.74:  Group  4.  n  =  9:  FEV,/ 
FVC  >  0.75).  After  randomizing  the 
order  of  testing,  each  patient  per- 
formed three  exhalations  using  a 
"standard"  forced  expiratory  ma- 
neuver  and   a   modified   expiratory 
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SPOJ M  Check 
Monitoring 

The  503  SPOJ"  handheld 
pulse  oximeter  from  Criticare 
brings  documented  accuracy 
to  spot  check  monitoring. 

It  has  the  same  proven 
technology  as  our  flagship 
503  portable  oximeter  — 
rated  among  the  best  in  the 
industry*  Plus,  the  versatility 
that  you  need,  but  seldom 
find,  in  a  handheld  oximeter: 
Rechargeable  battery- 
eliminate  the  expense,  hassle 
and  waste  of  disposable 
batteries. 

Operates  with  AC  power— 
for  back-up  continuous 
monitoring  during  peak 
demand. 

Full  audible  and  visual 
alarms— for  occasional 
unattended  monitoring. 
Versatile  accessories- 
including  shoulder  strap,  IV 
pole  mount,  tabletop  stand, 
and  clip-on  printer. 
Don't  settle  for  a  spot  check 
pulse  oximeter  that  stops 
short  of  full  monitoring 
performance. 
Call  1-800-458-4615. 

•Independent  studies,  on  file. 


503  SPOJ  is  now  available 
with  the  new  Shelf"  sensor, 
with  a  unique  "pull-apart" 
design  for  easy  cleaning. 
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technique  consisting  of  an  initial 
maximal  expiratory  effort  followed 
by  a  "relaxed  expiration"  for  as  long 
as  possible.  Patients  initiated  "re- 
laxed expiration"  when  instructed  by 
the  supervising  technician,  who  is- 
sued the  instruction  to  relax  when  ex- 
piratory airflow  fell  to  >  200  mL/s 
(as  determined  by  flow-volume  loop 
analysis).  ATS  end-of-test  criteria 
were  satisfied  significantly  more  of- 
ten using  the  modified  expiratory 
technique  (58.3%  of  testing  sessions) 
than  using  the  standard  technique 
(18.7%  of  sessions,  p  =  0.001)  be- 
cause of  prolongation  of  the  forced 
expiratory  time  (FET)  with  the  mod- 
ified technique  in  all  patient  groups. 
In  the  38  patients  with  FEV,/FVC  < 
0.75,  the  largest  FVC  and  FET  rose 
significantly  using  the  modified  ex- 


piratory technique,  without  compro- 
mising the  largest  FEVi  in  any 
group.  In  patients  with  FEV|/FVC  > 
0.75,  FET  increased  without  con- 
comitant changes  in  FVC  or  FEVi. 
Comparability  of  initial  expiratory 
efforts  during  the  "effort-dependent" 
portion  of  expiration  was  assured  be- 
cause largest  peak  expiratory  flow 
rate  measurements  were  similar  dur- 
ing standard  and  modified  testing. 
We  conclude  that  ( 1 )  a  modified  ex- 
piratory technique  can  enhance  satis- 
faction of  ATS  end-of-test  criteria; 

(2)  in  patients  with  airflow  obstruc- 
tion, FVC  and  FET  can  be  increased 
using  the  modified  expiratory  tech- 
nique without  lessening  FEVi;  and 

(3)  subjective  ratings  by  patients 
showed  a  nonsignificant  trend  fa- 
voring the  modified  technique. 


Hemodynamic  and  Gas  Exchange 
Responses  to  Infusion  of  Acetyl- 
choline and  Inhalation  of  Nitric 
Oxide  in  Patients  with  Chronic 
Obstructive  Lung  Disease  and  Pul- 
monary Hypertension — S  Adnot,  C 
Kouyoumdjian,  C  Defouilloy,  P  An- 
drivet,  S  Sediame,  R  Herigault,  M-D 
Fratacci.  Am  Rev  Respir  Dis  1993; 
148:310. 

To  investigate  endothelium-depen- 
dent  and  endothelium-independent 
nitric  oxide  (NO)  mediated  pulmo- 
nary vasodilation  in  patients  with 
chronic  obstructive  lung  disease 
(COLD),  we  examined  the  responses 
to  incremental  infusion  rates  of  ace- 
tylcholine (ACh)  or  inhaled  NO  on 
hemodynamics  and  gas  exchange.  In 
13  patients,  ACh  (15   mg/min)  de- 
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In  status 
asthmaticus: 


Flow  Meter 


NAEP  Adult 

Emergency 

Guidelines:2 

PEFR  40-70% 
of  predicted 
value  after 
4  hrs  tx  in  ER. 
Consider 
hospitalization. 


Don't 
guess. 

Assess 


Rapid  initiation  and  close  monitoring  of  therapy  are  vital  to 
successful  ER  management  of  severe  asthma.1  That's  why 
the  ASSESS*  Peak  Flow  Meter  should  be  a  vital  part  of 
your  armamentarium.  ASSESS  lets  you  — 

Measure  airway  obstruction  easily, 
accurately,  cost-effectively. 

Peak  expiratory  flow  rate  (PEFR)  provides  an  objective, 
clinically  relevant  measurement  of  airflow  —  at  a  fraction 
of  the  cost,  bulk,  and  inconvenience  of  conventional 
spirometry.2  And  when  seconds  count,  you  can  count  on 
ASSESS  to  deliver  those  measurements  with  superior 
accuracy  and  reproducibility.3-5 

Evaluate  response  to  therapy  and 
need  for  hospitalization. 

How  is  your  patient  doing?  What  should  you  be  doing? 
From  initial  presentation  through  discharge,  the  rugged, 
compact  ASSESS  gives  you  the  hard  data  you  need  —  as 
often  as  you  need  it — to  help  you  make  informed  treatment 
decisions  in  line  with  NAEP  recommendations.2 

Help  prevent  future  acute  exacerbations. 

Patients  don't  come  back  when  their  maintenance  therapy 
stays  on  track.  Keep  it  on  track  with  ASSESS  —  and  a 
regular  program  of  PEFR  monitoring  at  home,  work,  or 
school  —  as  a  routine  part  of  your  discharge  orders. 

For  more  information  about  how  ASSESS  can  help 
££4    you  deliver  better  asthma  care,  call  HealthScan 
*  Products  at  1-800-962-1266. 
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creased  pulmonary  artery  pressure 
(Ppa)  from  31  ±  1  to  28  ±  1  mm  Hg 
(p  <  0.01 )  and  systemic  arterial  pres- 
sure while  increasing  cardiac  index 
from  3.7  ±  0.4  to  4.7  ±  0.4  L/min/m2 
(p  <  0.01 ).  Inhaling  40  parts  per  mil- 
lion (ppm)  NO  decreased  Ppa  from 


32  ±  1  to  26  ±  1  mm  Hg  (p  <  0.001 ) 
with  no  associated  hemodynamic 
change.  ACh  reduced  Pao:  from  57  ± 
3  to  48  ±  2  mm  Hg  (p  <  0.01)  and  in- 
creased venous  admixture  (Qva/Qt) 
from  35  ±  3  to  45  ±  3%  (p  <  0.01). 
Inhaling  40  ppm  NO  increased  Pao: 


'±X^  =f 


It's  easy  to  see  how  the  ACE® 
Aerosol  Cloud  Enhancer  will 
ISSSS^SMSBBSSBMSEEESSBSsi    improve  your  MDI  delivery. 
The  patented  design  features  a  unique  shape  that  matches  the  aerosol 
plume.  This  shape  allows  the  ACE  to  better  capture  and  deliver  the 
medication.  When  the  inhaler  is  actuated,  respirable  aerosol  particles 
are  suspended  in  the  ACE  for  delivery  to  your  patient.  Larger,  non- 
respirable  particles  can  deposit  in  the  chamber  instead  of  the  patient's 
mouth  and  throat. 

Other  features  of  the  ACE  include: 

■  Clear  Holding  Chamber  lets  you  feel  confident  the  inhaler  worked 
correctly,  and  the  prescribed  dose  is  available  for  delivery. 

■  One  -Way  Valve  in  the  mouthpiece  protects  the  aerosol  dose  in  the 
chamber  until  inhalation  begins. 

■  Coaching  Whistle  helps  to  maintain  the  slow  inspiratory  flowrate 
recommended  for  optimum  aerosol  particle  delivery. 

■  Highly  Versatile  Design  allows  the  ACE  to  also  be  used  in  a  vent  circuit, 
with  an  incentive  spirometer,  or  in  conjunction  with  an 
endotracheal  airway  or  resuscitation  bag. 

See  for  yourself  how  the  ACE  will  help  you  maximize  your  MDI  deliv- 
ery. For  more  information  on  the  ACE  Aerosol  Cloud  Enhancer,  or  the 
entire  line  of  DHD  quality  respiratory  -]  QAA  QAH  QOOO 
care  products,  call  DHD  toll-free  at    l'OUU'O^l/'OUUU. 
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DIEMOLDING  HEALTHCARE  DIVISION 
Canastota,  NY  13032    USA     Phone  (315)  697-2221     Fax  (315)  697-8083 
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from  57  ±  3  to  60  ±  3  mm  Hg  (p  < 
0.01)  and  decreased  Qva/Qt  from  36 
±  3  to  32  ±  3%  (p  <  0.01).  Pulmo- 
nary vascular  resistance  changes 
were  similar  in  response  to  40  ppm 
NO  or  15  mg/min  ACh.  In  COLD 
patients.  ACh  produces  both  pulmo- 
nary and  systemic  vasodilation  but 
impairs  arterial  oxygenation,  where- 
as inhaled  NO  induces  selective 
pulmonary  vasodilation  while  im- 
proving gas  exchange.  The  resistance 
to  ACh  in  some  patients  could  be  re- 
lated to  pulmonary  endothelial  dys- 
function. 

Atrial  Natriuretic  Peptide  Im- 
proves Pulmonary  Gas  Exchange 
in  Subjects  Exposed  to  Hypoxia — 

RGJ  Westendorp,  AN  Roos,  HG  Vd 
Hoeven.  MY  Tjiong.  R  Simons,  M 
Frolich,  et  al.  Am  Rev  Respir  Dis 
1993;  148:304. 

Atrial  Natriuretic  Peptide  (ANP)  is 
secreted  in  response  to  hypoxia  and 
pulmonary  vasoconstriction.  The  hor- 
mone modulates  pulmonary  vascular 
tone  in  vivo  and  decreases  pulmo- 
nary edema  in  isolated  lungs  exposed 
to  several  toxic  agents.  In  addition, 
ANP  improves  the  barrier  function 
of  endothelial  cell  monolayers  in  vi- 
tro. The  plasma  levels  of  ANP  are  el- 
evated in  patients  with  high-altitude 
pulmonary  edema.  We  hypothesized 
that  under  these  circumstances,  ANP 
improves  pulmonary  gas  exchange 
by  attenuating  the  transvascular  per- 
meation of  plasma  (water).  There- 
fore, we  studied  the  effect  of  low- 
dose  ANP  in  1 1  healthy  mountain- 
eers exposed  to  hypoxia  in  a  single- 
blind,  placebo-controlled,  cross-over 
design.  During  four  1-h  periods,  the 
subjects  were  stepwise  exposed  to 
decreasing  barometric  pressure,  with 
a  minimum  of  456  mm  Hg  (simulat- 
ed altitude,  4,1 15  m).  Infusion  of  5 
ng/kg/min  human-ANP  increased  the 
plasma  ANP  concentrations  approxi- 
mately twofold.  The  plasma  concen- 
trations of  cyclic  GMP,  which  is  the 
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second  messenger  of  ANP,  rose  ap- 
proximately threefold.  Infusion  of 
ANP  did  not  affect  the  hemodynamic 
or  ventilatory  response  to  hypoxia. 
The  hemoglobin  concentration,  how- 
ever, rose  from  9.0  ±  0. 1  to  9.4  ±  0. 1 
mmol/L  (p  <  0.01)  during  ANP  in- 
fusion but  not  during  placebo  in- 
fusion. The  change  in  plasma  volume 
calculated  from  this  hemoconcen- 
tration  indicated  that  approximately 
10%  of  the  plasma  volume  had  per- 
meated into  the  interstitium.  Despite 
the  observed  whole-body  nemo- 
concentration,  oxygen  saturation  was 
significantly  higher  during  ANP  in- 
fusion than  during  placebo  infusion 
(84.7  ±  1.7  versus  79.6  ±  1.8%,  p  < 
0.05),  and  the  alveolar- arterial  oxy- 
gen difference  was  significantly  low- 
er (3.5  ±  0.7  versus  7.3  ±  0.8  mm 
Hg,  p  <  0.01).  The  increase  in  arteri- 
al oxygen  saturation  was  inversely 
correlated  with  the  alveolar-arterial 
oxygen  difference  (r  =  0.66.  p  < 
0.05),  which  is  compatible  with  the 
hypothesis  that  oxygen  saturation  in- 
creased as  a  result  of  an  improved 
pulmonary  gas  exchange. 

Factors  Determining  Pulmonary 
Function  in  Adolescent  Idiopathic 
Thoracic  Scoliosis — C  Kearon.  GR 
Viviani,  A  Kirkley,  KJ  Killian.  Am 
Rev  Respir  Dis  1993:148:288. 

Adolescent  idiopathic  thoracic  scoli- 
osis may  lead  to  severe  pulmonary 
impairment  and  early  death,  but  the 
responsible  factors  are  poorly  under- 
stood; pulmonary  function  is  only 
weakly  related  to  the  angle  of  scolio- 
sis. We  performed  a  cross-sectional 
study  using  multivariate  analysis  to 
identify  the  individual  and  additive 
influence  of  different  features  of  spi- 
nal deformity  and  nonstructural  fac- 
tors on  pulmonary  impairment.  Pul- 
monary function  was  assessed  by 
measuring  lung  volumes  and  dif- 
fusing capacity,  with  a  priori  selec- 
tion of  vital  capacity  (expressed  as 
percentage  of  predicted,  %  VC)  as 


the  primary  index  of  pulmonary  im- 
pairment. Radiologic  and  physio- 
logic measurements  were  made  in- 
dependently in  66  subjects  who  had 
not  previously  had  spinal  surgery. 
Angle  of  scoliosis  (p  =  0.01 )  was  one 
of  four  features  of  spinal  deformity 
associated  with  reduced  %  VC; 
greater  number  of  vertebrae  involved 
(p  =  0.007),  cephadal  location  of  the 
curve  (p  =  0.04),  and  loss  of  the  nor- 
mal thoracic  kyphosis  (p  =  0.002) 
made  an  equal  and  additive  contribu- 
tion to  pulmonary  impairment.  Spi- 
nal deformity  led  to  reductions  in 
VC,  primarily  by  reducing  TLC.  Spi- 
nal column  rotation,  respiratory  mus- 
cle strength,  and  duration  of  the  cur- 
vature were  not  related  to  pulmonary 
function  (p  >  0.05).  We  conclude 
that  features  of  the  spinal  deformity 
are  the  major  determinants  of  pulmo- 
nary impairment  in  idiopathic  thorac- 
ic scoliosis  but  that  the  relationship 
between  deformity  and  impairment  is 
complex.  The  severity  of  pulmonary 
impairment  cannot  be  inferred  to  a 
•clinically  useful  extent  from  the  an- 
gle of  scoliosis  alone. 

Factors  Influencing  Work  Capac- 
ity in  Adolescent  Idiopathic  Tho- 
racic Scoliosis — C  Kearon,  GR  Viv- 
iani, KJ  Killian.  Am  Rev  Respir  Dis 
1993:148:295. 

The  factors  contributing  to  reduced 
work  capacity  (disability)  in  adoles- 
cent idiopathic  thoracic  scoliosis  are 
poorly  understood.  We  performed  a 
cross-sectional  study  using  multi- 
variate analysis  to  identify  the  indi- 
vidual and  additive  influence  of  spi- 
nal deformity,  pulmonary  impair- 
ment, and  muscular  function  on  work 
capacity  in  79  subjects  with  idiopath- 
ic scoliosis  (angle  of  scoliosis  45  ± 
18.5°,  SD).  Work  capacity  was  meas- 
ured using  an  incremental  cycle  test, 
and  the  cardiorespiratory  response  to 
exercise  was  compared  with  that  of 
normal  subjects.  Work  capacity  was 
reduced   (%   Wcap,    86%;   95%   CI 


81.9  to  89.7),  indicating  significant 
disability.  The  %  Wcap  was  un- 
related to  the  nature  and  extent  of 
spinal  deformity  (p  >  0.05).  Leg 
muscularity  and  pulmonary  impair- 
ment had  an  additive  influence  on 
work  capacity,  the  relationship  with 
muscularity  being  the  stronger  of  the 
two.  Independently  of  muscularity 
and  pulmonary  impairment,  a  high 
heart  rate  response  at  submaximal 
work  rates  was  also  associated  with  a 
reduced  work  capacity.  Ventilation 
was  normal  for  metabolic  demands. 
During  exercise,  the  tidal  volumes  of 
scoliotic  subjects  were  reduced  in 
proportion  to  the  vital  capacity.  We 
conclude  that  disability  occurs  with 
mild  to  moderate  idiopathic  scoliosis 
and  appears  to  be  related  to  a  com- 
bination of  reduced  ventilatory  ca- 
pacity, reduced  muscularity,  and  car- 
diovascular deconditioning.  These 
findings  suggest  that  physical  activ- 
ity should  be  encouraged  in  subjects 
with  idiopathic  scoliosis  to  maintain 
peripheral  muscle  and  cardiovascular 
conditioning,  thereby  minimizing 
disability. 

Role  of  Hyperventilation  in  the 
Pathogenesis  of  Central  Sleep  Ap- 
neas in  Patients  with  Congestive 
Heart  Failure — M  Naughton.  D 
Benard.  A  Tarn.  R  Rutherford.  TD 
Bradley.  Am  Rev  Respir  Dis  1993; 
148:330. 

Periodic  breathing  with  central  ap- 
neas during  sleep  is  typically  trig- 
gered by  hypocapnia  resulting  from 
hyperventilation.  We  therefore  hy- 
pothesized that  hypocapnia  would  be 
an  important  determinant  of  Cheyne- 
Stokes  respiration  with  central  sleep 
apnea  (CSR-CSA)  in  patients  with 
congestive  heart  failure  (CHF).  To 
test  this  hypothesis.  24  male  patients 
with  CHF  underwent  overnight  poly- 
somnography during  which  trans- 
cutaneous Pco:  (Ptccoz)  was  meas- 
ured. Lung  to  ear  circulation  time 
(LECT),  derived  from  an  ear  oxim- 
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Aerochamber® 
The  Ultimate  Aerosol 
Delivery  Solution 


The  Only  Family  of  Aerosol 
Holding  Chambers  for 
Expanded  Applications 
of MDl  Aerosols 


$  \SI 


"Deposition  of       ^P'  ,£%6& 

aerosol  from  an    /^V\  *V*jtS>' ' 
MDI  with  a  spacer       /%&>  <0* 
or  holding  chamber  is 
similar  to  (and  perhaps 
better  than )  deposition 
from  a  properly  used  N 

MDI  alone."  i 

Aerosol  Consensus  Statement, 
Respiratory  Care,  Sept '91,  Vol.  36  No.  9 

"In  general, ...  holding  chamber)  is 
the  most  convenient,  versatile  and 
cost-effective  way  to  deliver  aerosols." 
Aerosol  Consensus  Statement,  Respiratory  Care, 
Sept'91,Vol.36No.9 


"MDIs 
can  be  used 
effectively  in  children. 
However,  because  of  the 
inability  of  many  pediatric  patients 
younger  than  10  years  of  age  to 
coordinate  the  actuation  of  the  MDI,  a 
holding  chamber  should  always  be  used.  A 
holding  chamber  with  mask  should  be  used  in  those 
less  than  3  years  of  age." 
Aerosol  Consensus  Statement,  Respiratory  Care,  Sept. '91,  Vol.  36  No.  9 

" ....  a  holding  chamber  should  be  used  with  inhaled  steroids 

for  pediatric  patients  of  any  age." 

Aerosol  Consensus  Statement,  Respiratory  Care,  Sept '91,  Vol.  36  No.  9 


The  Aerosol  Consensus  Statement  of  the  AARC,  the  NIH  expert  panel  and  practitioners  of 
respiratory  care  have  established  new  community  standards  for  the  use  of  Metered  Dose  Inhaler 
aerosol  treatments  and  therapy. 

Monaghan  Medical  Corporation  has  been  the  industry  pioneer  of  advancements  in  MDI 
aerosol  therapy  and  today  represents  the  ultimate  MDI  aerosol  delivery  solution.  The  Aerochamber® 
family  of  holding  chambers  is  the  most  advanced  and  clinically  proven  MDI  delivery  system  with 
a  comprehensive  range  of  aerosol  holding  chambers  specifically  designed  to  meet  the  individual 
needs  of  your  patients. 

Aerochamber®  MDI  aerosol  delivery  system  is  the  most  extensive  and  the  only  line  of  aerosol 
holding  chambers  available  for  adults,  children  and  ventilated  patients  or  those  with  limited 
coordination. 


"MDI  holding  chambers 
also  eliminate  the  need  to 
coordinate  actuation 
and  inhalation." 

Aerosol  Consensus  Statement, 
Respiratory  Care,  Sept '91, 
Vol.  36  No.  9 


"This  study  has  demonstrated  that  a  MDI  plus  aerosol  holding  chamber 
delivers  a  nearly  fivefold  greater  dose  of  aerosolized  drug  to  the  lungs  in 
comparison  with  a  jet  nebulizer  in  patients  receiving  mechanical  ventilation.' 
H.D.  Fuller,  M.B.  Dolovich,  G.  Posmituck,  W.  Wong  Pack,  and  M.T.  Newhouse. 
Pressurized  Aerosol  versus  Jet  Aerosol  Delivery  to  Mechanically  Ventilated  Patients. 
Am  Rev  Respir  Dis  1990;  141:440-444. 


"The  Aerochamber  and  MDI  appears  to 
be  a  highly  efficient  method  of  budes- 
onide  delivery  to  ventilated  infants." 
J.  Grigg,  et  al  Hammersmith  Hospital, 
London,  England.  Delivery  of  therapeutic 
aerosols  to  intubated  babies.  Archives  of 
Disease  in  Childhood  1992;  67: 25-30 
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eter  as  an  estimate  of  circulatory  de- 
lay, and  CSR-CSA  cycle  length  were 
determined.  Patients  were  divided 
into  a  CSR-CSA  group  (n  =  12.  mean 
±  SEM  of  49.2  ±  6.3  central  apneas 
and  hypopneas  per  h  sleep)  and  a 
control  group  without  CSR-CSA  (n  = 
12,  4.9  ±  0.8  central  apneas  and  hy- 
popneas per  h  sleep).  There  were  no 
significant  differences  in  left  ven- 
tricular ejection  fraction,  awake  Pa02* 
mean  nocturnal  Sa02-  or  LECT  be- 
tween the  two  groups.  In  contrast,  the 
awake  Paco:  and  mean  sleep  Ptcco: 
were  significantly  lower  in  the  CSR- 
CSA  group  than  in  the  control  group 
(33.0  ±  1.2  versus  37.5  ±  1.0  mm  Hg, 
p  <  0.01,  and  33.2  ±  1.2  versus  42.5 
±  1.2  mm  Hg.  p  <  0.0001,  re- 
spectively). Neither  group  had  sig- 
nificant awake  or  sleep-related  hy- 


ABSTRACTS 


poxemia.  In  addition,  CSR-CSA  cy- 
cle length  correlated  with  LECT  (r  = 
0.939,  p  <  0.001 ).  We  conclude  that 

( 1 )  hypocapnia  is  an  important  de- 
terminant of  CSR-CSA  in  CHF  and 

(2)  circulatory  delay  plays  an  im- 
portant role  in  determining  CSR- 
CSA  cycle  length. 


Tracheal  Gas  Insufflation  Aug- 
ments COi  Clearance  during  Me- 
chanical Ventilation — SA  Ravens- 
craft,  WC  Burke.  A  Nahum.  AB 
Adams,  G  Nakos,  TW  Marcy,  JJ  Ma- 
rini.  Am  Rev  Respir  Dis  1993; 
148:345. 

A  technique  that  improves  the 
efficiency  of  alveolar  ventilation 
should  decrease  the  pressure  required 
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and  reduce  the  potential  for  lung  in- 
jury during  mechanical  ventilation. 
Alveolar  ventilation  may  be  im- 
proved by  replacing  a  portion  of  the 
anatomic  dead  space  with  fresh  gas 
via  an  intratracheal  catheter.  We  stud- 
ied the  effect  of  intratracheal  gas  in- 
sufflation as  an  adjunct  to  volume- 
cycled  ventilation  in  eight  sedated, 
paralyzed  patients  with  a  variety  of 
lung  disorders.  Continuous  flows  of 
2,  4,  and  6  L/min  were  delivered 
through  a  catheter  positioned  l  or  10 
cm  above  the  carina.  Carbon  dioxide 
production,  inspiratory  minute  ven- 
tilation, and  peak  and  mean  airway 
pressures  did  not  change  over  the 
range  of  flows  tested.  Paco:  and  dead 
space  volume/tidal  volume  decreased 
significantly  as  joint  functions  of 
catheter  flow  and  position  (p  < 
0.001).  The  highest  catheter  flow  (6 
L/min)  and  most  distal  catheter  posi- 
tion (1  cm  above  the  carina)  were  the 
most  effective  combination  tested, 
averaging  a  15%  reduction  in  Paco2 
(range  9  to  23%).  Certain  character- 
istics of  the  expiratory  capnogram 
were  helpful  in  predicting  the  ob- 
served reduction  in  Paco2-  Tracheal 
gas  insufflation  may  eventually  prove 
a  useful  adjunct  to  a  pressure-targeted 
strategy  of  ventilatory  management 
(in  either  volume-cycled  or  pressure- 
controlled  modes),  particularly  when 
the  total  dead  space  is  heavily  in- 
fluenced by  its  anatomic  component. 
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BRINGING  ACCURACY  ECONOMV  AMD 
CONTROL  TO  THE  POINT  OF  CRRE. 

Presenting  The  SfatPal®ll  pH  find  Blood  Gas  Analysis  System,   only  the  statpap  n  combines  the  many 

clinical  benefits  of  true,  near-patient  portability  with  the  control  and  economy  that  finally  make  point- 
of-care  testing  feasible  for  use  by  respiratory  therapists  in  institutions  of  any  size. 

Whether  as  a  first-line  diagnostic  unit  or  as  a  convenient  backup  system,  the  StatPal'II  offers  de- 
pendable data  on  pH,  pCO,  andpOj  unthin  seconds,  with  accuracy  and  precision  comparable  to  conven- 
tional, higher-maintenance  blood  gas  analyzers.  So,  with  crucial  results  immediately  at  hand,  you  have 
the  potential  to  better  control  patient  outcome  by  making  important  treatment  decisions  more  quickly. 

In  addition,  for  lower-volume  applications,  the  StatPal*  II  offers  a  cost  per  test  significantly  below 
that  of  lab-based  systems  and  even  other  so-called  portables.  With  a  fraction  of  the  acquisition  cost. 

What's  more,  this  easy-to-use  system  has  demonstrated  uncompromised  accuracy,  consistently 
correct  calibration  and  long-term  dependability  through  demanding  clinical  experience  in  hospitals 
worldwide.  And  it's  completely  compatible  with  all  CLIA  regulations. 

To  find  out  how  you  can  bring  fast,  accurate  and  economical  blood  gas  analysis  directly  to 
your  patients,  just  give  us  a  call  today  at  1-800-770-7794. 
Because  the  StatPaP  II  can  help  you  express  your  care  at  a  3 

higher  level  than  ever  before. 
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UOHNorth  Torrey  Pines  Road.  La  Jolla.  CA  92037  (800)  770-7794  ©199.1  PPG  Sensors,  Inc.  All  riffbts  resenvd. 
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Editorials 


Combined  Drug  Therapy  in  Asthma 


Certain  diseases,  such  as  deficiency  states  or 
those  caused  by  a  single  pathogen,  may  be  treatable 
with  a  single  drug.  From  this,  the  ancient  dictum 
"one  disease,  one  remedy"  has  persisted  in  medical 
lore.  The  implication  is  that  accurate  diagnosis  will 
narrow  the  choice  of  treatment  perhaps  to  a  single 
agent.  However,  diagnostic  entities  are  human  con- 
structs, limited  by  the  acuity  of  our  clinical  observa- 
tions and  our  understanding  of  pathologic  process- 
es. For  example,  essential  hypertension  is  frequent- 
ly diagnosed,  but  no  causative  process  for  the 
condition  has  yet  been  defined.  The  consequence  is 
the  prescription  of  multiple  remedies,  which,  in  re- 
fined form,  is  a  stepped  approach — each  new  medi- 
cation added  when  the  previous  regimen  is  shown  to 
be  inadequate.  The  optimum  treatment  of  many 
conditions  can  involve  the  simultaneous  or  serial 
employment  of  several  drugs.  In  cancer  chemother- 
apy and  for  many  infectious  diseases,  multiple  drug 
therapy  has  become  the  standard  of  practice. 

The  necessity  for  multiple  agents  is  further  com- 
pounded when  the  patient  has  more  than  one  dis- 
ease. In  an  aging  population,  it  is  common  to  find 
individuals  taking  more  than  a  dozen  drugs. 
Hospitalized  patients  are  often  on  6  or  more,  and  the 
critically  ill  may  be  receiving  more  than  20.  A  large 
literature  has  developed  on  the  subject  of  drug  inter- 
actions, the  pitfalls  that  can  be  anticipated  when 
drugs  are  combined  in  the  treatment  program. 

Asthma  is  a  condition  whose  etiology  is  often  ob- 
scure, with  many  contributory  factors,  several  bron- 
choconstrictor  substances,  and  a  variety  of  clinical 
courses.  Multiple  drug  therapy  is  commonly  re- 
quired for  effective  management.  In  the  past 
decade,  a  prominent  shift  of  therapeutic  emphasis 
has  occurred — from  a  predominantly  bronchodila- 
tor  regimen  to  the  use  of  drugs  to  suppress  the  un- 
derlying inflammatory  process.  For  acute  treatment 
of  the  asthma  episode,  however,  /^-adrenoceptor 
agonists  and  antimuscarinic  agents  remain  the  first 
drugs  of  choice.  The  properties  and  uses  of  these 
compounds  are  reviewed  by  Howder  in  this  issue  of 
the  Journal.1  A  valuable  part  of  the  paper  concerns 
their  employment  in  combination.  Nine  studies  are 


cited  in  which  a  Bi  agonist  and  ipratropium  bromide 
were  given.  Although  the  effects  of  the  combined 
drugs  are  assumed  to  be  additive,  the  sequence  in 
which  they  are  administered  is  important. 

Autoradiographic  studies  have  shown  that  the 
density  of  muscarinic  receptors  is  greatest  in  the 
large  central  bronchioles,  diminishing  progressively 
in  the  smaller  airways.  In  contrast,  /^-adrenoceptors 
show  a  higher  density  in  the  small  peripheral  bron- 
chioles. Thus,  it  follows  that  ipratropium  bromide 
preferentially  relaxes  the  smooth  muscle  of  the  larg- 
er central  airways,  whereas  the  effect  of /?2  agonists 
is  directed  more  to  the  small  bronchioles.  If  this  is 
true,  then  ipratropium  aerosol  administered  first 
will  open  the  larger  bronchioles,  providing  better 
access  to  the  smaller  ones  when  the  #2  agonist  is 
given  subsequently.  This  order  of  administration  is 
emphasized  in  the  review;  giving  the  #2  agonist  be- 
fore the  ipratropium  was  found  to  be  less  effective. 
When  the  studies  were  extended  to  include  patients 
with  chronic  bronchitis,  ipratropium  tended  to  be- 
come the  primary  drug  of  choice  because  of  its  anti- 
secretory activity. 

When  drugs  are  given  concurrently,  the  potential 
for  interaction  with  untoward  consequences  is  an 
important  consideration.  Also,  the  order  of  adminis- 
tration of  the  agents  can  affect  the  therapeutic  out- 
come. Often  these  interactions  are  unforeseen  and 
are  discovered  fortuitously.  Where  combined  thera- 
py is  indicated,  the  value  of  careful  clinical  docu- 
mentation cannot  be  overestimated,  and  surveys  of 
these  observations  can  be  significant  contributions 
to  medical  progress.  The  bronchodilator  review  in 
this  issue  is  an  excellent  example. 

Hugh  S  Mathewson  MD 

Professor  Emeritus,  Anesthesiology 

Professor,  Respiratory  Therapy  Education 

University  of  Kansas  Medical  Center 

Kansas  City,  Kansas 
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A  Question  of  Ethics: 
Funding  of  Continuing  Education 


In  1990  when  Senator  Edward  Kennedy's  con- 
gressional committee  held  a  series  of  hearings  on 
drug  company  promotional  practices,  many  health 
professionals  (and  much  of  the  public)  first  became 
aware  of  the  questionable  ethics  of  continuing  edu- 
cation funding  by  companies  standing  to  profit  from 
such  activities.  Subsequently,  Andy  Rooney  did  a 
piece  for  "60  Minutes"  in  which  he  highlighted 
giveaway  programs  run  by  pharmaceutical  compa- 
nies. Consumer  Reports1  ran  a  feature  story  about 
the  takeover  of  continuing  education  of  health  pro- 
fessionals by  commercial  interests.  These  actions, 
coupled  with  a  revelation  that  profit  margins  for  the 
pharmaceutical  industry  were  as  much  as  17%  and 
prescription  prices  had  jumped  150%  in  10  years,2 
prompted  the  Food  and  Drug  Administration  (FDA) 
to  prepare  guidelines  for  sponsors  of  continuing  ed- 
ucation activities. 

The  FDA  was  concerned  that  commercial  spon- 
sorship of  continuing  education  activities  by  drug 
and  medical  equipment  manufacturers  was  really 
nothing  more  than  promotional  activity  for  their 
products.  The  FDA  was  concerned  that  companies 
might  influence  content  of  educational  programs — 
not  only  directly  by  the  selection  of  speaker  or  in 
the  treatment  of  topics  but  also  indirectly  through 
the  nature  of  the  relationship  between  the  company 
and  the  program  provider  (ie,  if  the  provider  be- 
lieved that  future  financial  support  depended  on 
producing  programs  that  promoted  the  company's 
products). 

Based  on  a  draft  policy  statement,  representatives 
of  all  State  Affiliates  of  the  American  Association 
for  Respiratory  Care  (AARC)  were  alerted  to 
changing  requirements  at  the  May  1992  Leadership 
Training  Conference.  In  November  1992,  the  FDA 
published  revised  guidelines  for  industry-sponsored 
scientific  and  educational  activities.3  At  the  May 


1993  Leadership  Training  Conference,  the  specific 
directives  from  those  guidelines  were  spelled  out 
for  attendees.  In  an  effort  to  further  help  Affiliates 
fulfill  their  obligation  to  comply  as  they  planned 
their  statewide  and  regional  meetings,  two  disclo- 
sure forms  were  mailed  to  presidents  of  State  Affili- 
ates and  to  members  of  the  AARC  House  of  Dele- 
gates. Completed  forms  must  accompany  each  ap- 
plication for  CRCE  accreditation  of  a  program  that 
is  submitted  to  the  AARC.  (Sample  forms  appear  on 
Pages  1343-1345  of  this  issue  of  the  Journal.) 

Full  disclosure  is  key  to  the  entire  process. 
Written  records  of  the  agreement  between  the  com- 
pany and  the  provider  and  between  the  speaker  and 
the  provider  are  essential.  The  written  agreement 
should  reflect  that  both  the  company  and  the 
provider  agree  that  the  activity  is  to  be  educational 
and  nonpromotional  and  that  the  company  has  not 
dictated  the  design,  conduct,  or  content  of  the  pro- 
gram in  a  way  that  might  bias  the  treatment  of  the 
topic.  Speakers  should  also  disclose  their  employ- 
ment, stockholdings,  consulting  contracts,  and 
amounts  of  research  grant  monies  received  from 
any  manufacturer  of  commercial  products  discussed 
during  the  course  of  the  presentation.  Finally,  the 
provider  must  disclose  all  such  information  to  atten- 
dees at  the  educational  activity. 

Even  before  the  FDA  published  these  guidelines, 
the  AARC  maintained  an  'arms-length'  relationship 
with  manufacturers.  Attendees  at  the  Annual  Con- 
vention and  Exhibition  have  probably  noted  that 
certain  presentations  are  sponsored  by  equipment 
manufacturers  or  pharmaceutical  firms.  That  spon- 
sorship is  clearly  noted  in  the  program  supplied  to 
all  participants.  What  is  not  so  apparent  but  has  al- 
ways been  the  policy  of  the  Association  is  that 
speakers  are  suggested  by  the  various  Specialty 
Sections  and  Committees  and  ultimately  approved 
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by  the  Program  Committee,  with  no  input  from  the 
sponsor.  It  is  only  in  this  fashion  that  attendees  can 
be  provided  top  quality  educational  opportunities — 
not  promotions  for  products.  Further,  the  education- 
al grants  that  finance  RESPIRATORY  CARE  Journal 
Conferences  are  acknowledged  on  the  introductory 
pages  of  each  Special  Issue,  but  the  grants  are  "no 
strings"  grants,  and  the  grantor  cannot  influence 
content.  In  a  similar  vein,  the  financial  liaisons  of 
authors  are  described  in  the  title  page  footnote  of 
each  published  paper. 

The  FDA  recognizes  the  role  of  accrediting  agen- 
cies in  ensuring  that  industry-sponsored  educational 
activities  are  independent  and  nonpromotional.  So  it 
is  that  the  AARC  is  concerned  with  compliance. 
The  intent  is  not  to  curtail  industry  sponsorship  of 
continuing  education  but  rather  to  assure  that  partic- 
ipants are  not  subjected  to  a  biased  presentation  of 


data  by  a  person  who  is  no  more  than  a  shill  for  that 
company's  product.  It  is  a  sort  of  'truth  in  advertis- 
ing' requirement.  It  is  a  matter  of  ethics. 

Robert  Czachowski  PhD 

Director  of  Education 

American  Association  for  Respiratory  Care 

Dallas,  Texas 
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DISCLOSURE  OF  RELATIONSHIPS  WITH  COMMERCIAL  ORGANIZATIONS 
FOR  FACULTY  PARTICIPATING  IN  CONTINUING  EDUCATION  PROGRAMS 

Please  see  reverse  side  for  policies  and  procedures. 


NAME: 

PROGRAM: 

DATE(s)  OF  PROGRAM: 

COMMERCIAL  SPONSOR(s): 


I  do  not  have  any  financial  arrangements  or  affiliations  with  any  of  the  commercial  organizations 
offering  financial  support  for  this  program,  nor  do  I  have  any  financial  interest  or  other  relationship 
with  the  manufacturer(s)  of  any  commercial  product(s)  discussed  in  the  educational  presentation. 


Signature  (Date) 

OR 

I  have  a  financial  arrangement  or  affiliation  with  one  or  more  of  the  commercial  organizations  offering 
financial  support  for  this  program,  or  a  financial  interest  or  other  relationship  with  the  manufacturer(s) 
of  commercial  product(s)  discussed  in  the  educational  presentation. 

Affiliation/Financial  Interest:  Name  of  Commercial  Organization(s): 


Grant/Research  Support 

Paid  Consultant 

Major  (>  5%  equity)  Shareholder 

Direct  Payment  for  Talks 

Other  Financial  or  Material 
Support,  describe: 


Signature  (Date) 

Please  return  this  form  as  soon  as  possible  to  the  program  chairman  (name  and  address). 
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DISCLOSURE  OF  RELATIONSHIPS  BETWEEN  CE  FACULTY 
AND  COMMERCIAL  COMPANIES 


Policy 


This  program  must  be  accredited  by  the  Continuing  Respiratory  Care  Education  (CRCE)  program  of  the  A  ARC. 
AARC  has  adopted  the  following  standard  relating  to  disclosure  by  CE  faculty: 

a.  Disclosure  Policy  for  all  CE  Activities.  A  sponsor  shall  have  a  policy  requiring  disclosure  of  the  existence  of 
any  significant  financial  interest  or  other  relationship  a  faculty  member  or  the  sponsor  has  with  the  manufacturer!  s  I 
of  any  commercial  product(s)  discussed  in  an  educational  presentation.  All  approved  CE  activities  shall  conform 
to  this  policy. 

b.  Disclosure  in  Conference  Materials.  CE  faculty  or  sponsor  relationships  with  commercial  supporters  shall  be 
disclosed  to  participants  prior  to  educational  activities  in  brief  statements  in  conference  materials  such  as 
brochures,  syllabi,  exhibits,  poster  sessions,  and  also  in  post-meeting  publications. 

The  Education  Department  of  the  AARC  requires  the  disclosure  called  for  in  the  standards.  A  potential  conflict  of 
interest  may  be  considered  to  exist  if  a  faculty  member  is  affiliated  with  or  has  a  financial  interest  in  organizations  that  may 
have  a  direct  interest  in  the  subject  matter  of  a  CE  program  in  which  he/she  is  participating.  The  intent  of  this  policy  is  not 
to  prevent  a  speaker  with  a  potential  conflict  from  making  a  presentation.  Rather,  it  is  intended  to  identify  any  potential 
conflict  openly  so  that  the  listeners  may  form  their  own  judgments  about  the  presentation  with  full  knowledge  of  the  facts. 

Procedures 


2 


A  disclosure  form  will  be  filled  out  by  all  faculty  participants. 

The  program  chairman  will  be  responsible  for  obtaining  all  the  necessary  disclosure  forms  from  participants. 


3.  The  prospective  audience  must  be  made  aware  of  the  affiliation/financial  interest  by  an  acknowledgement  in  the 

program  or  syllabus  in  the  faculty  listing. 


For  example: 


John  Doe.  M.D. 

Professor,  Department  of  Medicine 

ACME  School  of  Medicine 

Research  Consultant.  AJAX  Pharmaceuticals 

Madison.  Wisconsin 


or  if  Dr.  Doe  has  a  financial  interest: 


John  Doe,  M.D. 

Professor,  Department  of  Medicine 
ACME  School  of  Medicine 
Stockholder,  AJAX  Phaimaceuticals 
Madison,  Wisconsin 
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Letter  of  Agreement 
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Original  Studies 


Acute  Pathophysiology 

after  Wood  Smoke  Inhalation  in  a  Dog  Model: 

Effects  of  PEEP  on  Oxygenation  and  Lung  Water 

William  R  Clark  MD,  Gary  F  Nieman  BS,  and  Tawfic  S  Hakim  PhD 


BACKGROUND:  Wood  smoke  inhalation  (WSI)  inhibits  pulmonary  surfactant 
function  within  minutes  of  exposure,  leading  to  atelectasis,  venous  admixture,  hy- 
poxemia, and  pulmonary  edema.  We  hypothesized  that  addition  of  positive  end- 
expiratory  pressure  (PEEP),  following  WSI,  would  reinflate  the  lung  and  restore 
oxygenation.  The  possibility  that  PEEP  may  also  affect  pulmonary  edema  forma- 
tion following  WSI  was  also  studied.  METHODS  &  MATERIALS:  Anesthetized 
dogs  were  ventilated  with  room  air  and  instrumented  for  blood  gas  measurements 
and  hemodynamic  monitoring.  After  baseline  data  were  collected,  the  animals 
were  ventilated  with  wood  smoke  for  5  minutes  and  placed  on  either  5  or  10  cm 
H20  PEEP  [0.49  or  0.98  kPa],  and  studied  for  up  to  4  hours.  RESULTS:  Smoke 
inhalation  resulted  in  gross  atelectasis,  a  decrease  in  arterial  blood  Po;  (from  93  to 
48  torr  [from  12.4  to  6.4  kPa]),  an  increase  in  venous  admixture  from  a  mean  (SD) 
of  8(1)  %  to  40  (5)  %  and  a  decrease  in  pulmonary  compliance  (70%  of  baseline). 
When  5  cm  ILO  PEEP  [0.49  kPa]  was  used,  these  changes  persisted  for  the  dura- 
tion of  the  experiment  (4  hours).  Addition  of  10  cm  H20  PEEP  [0.98  kPa]  elimi- 
nated atelectasis  and  restored  Pao2  (95  torr  [12.4  kPa]),  venous  admixture  (5  [2] 
% ),  and  compliance  (95%  of  baseline)  to  near-normal  values.  At  2  hours  following 
WSI,  lung  water  increased  but  did  not  increase  further  over  the  next  2  hours  re- 
gardless of  PEEP  level.  CONCLUSIONS:  In  a  canine  model  of  wood  smoke  in- 
halation, lung  collapse  occurs  immediately,  resulting  in  hypoxemia.  PEEP  rein- 
flates  the  lung  and  restores  oxygenation  but  does  not  alter  the  amount  or  time 
course  of  lung  water  accumulation.  [Respir  Care  1993;38(  12):  1346-1354.] 


Background 

The  pathophysiology  of  smoke  inhalation  has 
been  extensively  studied  using  the  sheep,1  15  dog,16"22 
goat,23  rabbit,2425  and  rat26-27  as  models.  The 
Herndon-Traber  laboratory  (the  most  prolific  con- 
tributor to  smoke  inhalation  research)  uses  a  sheep 
model  and  cotton  as  the  fuel  source  for  smoke.1"91-115 
Their  studies  suggest  that  much  of  the  pulmonary 


Dr  Clark  is  Professor  of  Surgery  and  Burn  Service  Director,  Mr 
Nieman  is  Research  Scientist,  and  Dr  Hakim  is  Laboratory 
Director.  Department  of  Surgery,  State  University  of  New 
York,  Health  Science  Center  at  Syracuse  New  York. 

Reprints:  Gary  F  Nieman  BS,  Department  of  Surgery,  SUNY 
Health  Science  Center.  750  East  Adams  Street,  Syracuse  NY 
13210. 


damage  caused  by  cotton  smoke  is  secondary  to 
leukocyte  sequestration  within  the  lung  followed  by 
release  of  toxic  oxygen  radicals  and  proteases.4-6,9 
Thus,  the  time  course  of  the  injury  is  delayed,  with 
pathologic  changes  observed  hours  following 
smoke  exposure.16-714  Also,  they  found  that  cotton 
smoke  does  not  alter  surfactant  composition3  and 
that  pulmonary  edema  does  not  develop  for  32 
hours  following  smoke  exposure.14  These  findings 
are  contradictory  to  those  obtained  from  our  stud- 
ies,18 even  though  the  carboxyhemoglobin  (COHb) 
levels,  indicative  of  inhalation  severity,  were  similar 
in  both  models. 

Our  laboratory  uses  a  dog  model  and  plywood 
sawdust  as  a  fuel  source.  Others  have  also  studied 
smoke  inhalation  using  the  dog  model.16"22  We 
chose  to  use  plywood  as  a  fuel  source  because  it  is  a 
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major  constituent  of  many  homes.  This  model  simu- 
lates severe  smoke  inhalation  as  it  might  be  encoun- 
tered in  the  clinical  setting  and  that  would  require 
intubation  and  ventilation. 

Wood  smoke  inhalation,  unlike  cotton  smoke  in- 
halation, has  an  immediate  pathologic  effect  on  the 
lung.  Lung  compliance  decreases  and  dense  non- 
segmental  atelectasis  quickly  develops  leading  to 
increased  venous  admixture  and  hypoxemia. I618-20 
Atelectasis  secondary  to  wood  smoke  exposure  is 
believed  to  be  due  to  surfactant  inhibition.28  We 
have  also  demonstrated  that  a  high-permeability 
pulmonary  edema  develops  within  30  minutes  of 
wood  smoke  exposure. I9-20 

The  cited  studies  suggest  that  wood  smoke  in- 
halation may  cause  immediate  lung  injury.  There- 
fore, we  asked  the  question,  "What  is  the  initial  pul- 
monary pathology  following  wood  smoke  inhala- 
tion and  does  increasing  positive  end-expiratory 
pressure  (PEEP)  have  an  effect  on  this  pathology?" 
We  hypothesized  that  if  wood  smoke  does  inhibit 
surfactant  and  cause  atelectasis,  then  the  addition  of 
PEEP  would  reinflate  the  lung,  reduce  venous  ad- 
mixture, and  restore  adequate  oxygenation. 

Pulmonary  edema  plays  a  major  role  in  smoke 
inhalation  pathophysiology  and  occurs  following 
both  wood182"  and  cotton12-8  smoke  inhalation. 
Therefore,  we  wanted  to  see  if  the  addition  of  PEEP 
altered  the  time-course  or  magnitude  of  edema  ac- 
cumulation. 

This  study  was  designed  to  investigate  the  patho- 
physiology immediately  following  a  controlled  in- 
halation injury  (standard  smoke  source  and  duration 
of  exposure  without  the  variables  introduced  by  a 
concomitant  thermal  burn)  and  to  analyze  the  effect 
of  PEEP  on  these  pathologic  changes.  This  study 
does  not  address  the  use  of  PEEP  as  a  possible  ven- 
tilatory mode  for  prolonged  use  in  the  treatment  of 
human  victims  of  smoke  inhalation.  Also,  this  study 
emphasizes  the  likelihood  that  wood  smoke,  unlike 
cotton  smoke,  directly  injures  the  lung  and  that 
pathologic  changes  begin  immediately  following 
exposure. 

Methods  and  Materials 

Mongrel  dogs  (n  =  40)  of  both  genders  weighing 
between  15  and  20  kg  (mean  [SD]  18.6  [1.2]  kg) 
were  anesthetized  initially  with  25-30  mg  sodium 


pentobarbital/kg  body  weight  I.V.,29  intubated  with 
a  9-  to  11-mm-ID  cuffed  endotracheal  tube,  and 
ventilated  with  room  air  using  a  Harvard  ventila- 
tor.* An  occlusive  cuff  seal  was  verified  by  observ- 
ing a  stable  plateau  pressure  at  peak  inspiration.  The 
dog  model  was  chosen  because  our  laboratory  has 
years  of  experience  with  the  dog  model  and  an  ex- 
tensive database  of  hemodynamic,  blood  chemistry, 
and  surfactant  data  generated  from  numerous  acute- 
lung-injury  studies  in  dogs.  Supplemental  doses  of 
pentobarbital  (3-5  mg/kg)  were  given  as  needed 
based  on  skeletal  reflexes  and  blood  pressure.3"  The 
initial  tidal  volume  was  set  at  15  mL/kg  and  the  res- 
piratory rate  at  15/minute.  A  femoral  artery  and  vein 
were  cannulated  with  2-mm-ID  polyethylene  tubing 
using  a  cutdown  technique.  A  7-Fr  flow-directed 
thermodilution  catheter  was  placed  in  the  pulmo- 
nary artery  through  an  external  jugular  vein  to  mea- 
sure pulmonary  artery  pressure  (PAP)  and  pulmo- 
nary capillary  wedge  pressure  (PCWP),  and  to  de- 
termine cardiac  output  (CO.)  by  thermal  dilution. 
Cardiac  index  (CI)  was  then  calculated:31 


CI  = 


CO. 

bsa' 


where  BSA  =  body  surface  area  calculated  as 
BSA  =  (0.1 12)  (weight  in  kg). 

The  pressures  were  measured  using  disposable  pres- 
sure transducers  and  were  recorded  on  a  chart 
recorder.  The  transducers  were  calibrated  with  a 
mercury  column  and  positioned  at  heart  level. 
When  the  chest  was  opened  (left  thoracotomy),  we 
used  a  direct  puncture  of  the  myocardium  to  place  a 
catheter  in  the  left  atrium  to  monitor  left  atrial  pres- 
sure (LAP).  Blood  gases  were  measured  with  a 
blood  gas  analyzer  that  was  calibrated  using  stan- 
dardized controls  and  gas  mixtures.  Arterial  blood 
was  drawn  and  base  deficit,  when  present,  was  cor- 
rected with  sodium  bicarbonate  (1,000  mEq/L)  us- 
ing the  equation:32 

HCO.f  (mL)  =  (base  deficit)  (weight  in  kg)  (0.3). 

All  animals  required  this  correction  but  only  during 
the  initial  baseline  period.  Carboxyhemoglobin 
(COHb)  determinations  were  made  on  arterial  blood 


■'Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 
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using  a  hemoximeter.  Venous  admixture  (Qs/Qt) 
was  calculated  using  the  formula  of  Comroe  et  al:33 

Qs    _    Cao2-Cc'02 
Qi  Cc'0:  -  Cy02 

where  Cao2  =  arterial  oxygen  content;  Qo;  =  capillary 
oxygen  content;  and  CvO;  =  mixed  venous  oxygen  con- 
tent. 

Mixed  venous  blood  gas  samples  were  taken  from 
the  pulmonary  artery.  Airway  pressure  was  mea- 
sured from  a  side  port  in  the  ventilator  circuit  2  cm 
from  the  endotracheal  tube  connection.  Static  lung 
compliance  (QJ  was  calculated  from  data  obtained 
by  disconnecting  the  ventilator  at  end  expiration 
and  injecting  a  volume  of  air  equal  to  twice  the  tidal 
volume  into  the  lungs  with  a  Collins  1-L  syringe 
and  noting  the  airway-pressure  change  caused  by 
the  injection.33 

A  PEEP  of  5  cm  H:0  [0.49  kPa]  was  added  to 
prevent  the  loss  of  lung  volume  (a  consequence  of 
ambient  pleural  pressure)  that  resulted  from  open- 
ing the  thorax,  and  to  provide  stability  in  inflation 
pressure,  lung  compliance,  venous  admixture,  ex- 
travascular  lung  water  (EVLW),  and  PAP  for  the  du- 
ration of  the  experiment.16-34  After  a  stabilization  in- 
terval lasting  10-15  minutes,  baseline  data  were  col- 
lected. Animals  were  assigned  to  one  of  the  three 
groups  described  in  Table  1 .  Assignment  was  based 
on  the  final  digit  of  a  number  provided  by  a  ran- 
dom-number generator. 

Table  1.    Brief  Description  of  the  Protocol  for  each  Experi- 
mental Group 


Group 


Protocol 


Control 


No  smoke  inhalation  (n  =  6) — maintained  on 
5  cm  tLO  PEEP. 


Smoke  +        Wood  smoke  inhalation  (5  min) — maintained  on 
5  cm  H20         5  cm  H20  PEEP. 

PEEP  Animals  killed  at  2  h  (n  =  10)  and  4  h  (n  =  8)  after 

smoke  inhalation  for  EVLW  measurement. 
Data  combined  (n  =  18)  at  baseline,  5,  60,  and 
1 20  min  after  smoke  inhalation. 

Smoke  +        Wood  smoke  inhalation  (5  min) — maintained  on 
1 0  cm  H20       1 0  cm  H20  PEEP. 

PEEP  Animals  killed  at  2  h  (n  =  10)  and  4  h  (n  =  6)  post 

smoke  for  EVLW  measurement. 
Data  combined  (n  =  16)  at  baseline,  5,  60,  and 
120  min  after  smoke  inhalation. 


Smoke  was  generated  by  burning  an  aliquot  of  a 
standard  mixture  of  fir-plywood  sawdust  and  kero- 
sene.16 After  ignition,  the  combustion  chamber  was 
placed  in  the  inspiratory  line  of  the  ventilator  circuit 
so  that  smoke  reached  the  airway  at  a  temperature 
of  37°C.  The  experimental  setup  is  shown  in  Figure 
1.  Smoke  was  delivered  for  5  minutes  of  uninter- 
rupted tidal  respiration,  and  then  ventilation  with 
room  air  was  re-established.  Data  acquisition  was 
repeated  at  5,  60,  120,  180,  and  240  minutes  follow- 
ing smoke  (or  air  for  the  controls)  exposure.  At  the 
end  of  the  experiment,  the  animal  was  killed  with  an 
infusion  of  sodium  pentobarbital  (6  gr/10  lb  body 
weight)  given  via  the  peripheral  vein.3-"1  The  lungs 
were  removed  immediately  en  bloc.  An  assay  for 
EVLW  (mL  F^O/g  blood-free  dry  lung)  was  done 
using  the  method  of  Pearce  et  al,  which  compen- 
sates for  blood  retained  in  the  lung.36  Data  are  ex- 
pressed as  mean  (standard  deviation).  Statistical 
significance  was  determined  using  a  one-way  analy- 
sis of  variance  (ANOVA).  Significance  between 
mean  values  within  the  same  group  was  determined 
with  a  second  ANOVA.  If  the  F  ratio  indicated  the 
presence  of  significant  differences,  a  Tukey's  test 
was  used  to  identify  these  differences.  A  p  value  of 
<  0.05  was  required  for  comparisons  to  attain  statis- 
tical significance. 


Fig.  1 .  Schematic  of  the  experimental  apparatus.  Room 
air  enters  the  ventilator  at  'A'  and  is  selectively  channeled 
through  the  smoke  chamber  or  diverted  around  it.  Tubing 
clamps,  applied  to  the  smoke  channel,  allow  the  animal  to 
breathe  room  air.  In  like  manner,  the  animal  breathes 
smoke  when  the  room-air  channel  is  closed  and  the 
smoke  channel  is  open.  Airway  pressure  is  measured  at 
'B';  exhaled  gas  passes  through  a  calibrated  water  cham- 
ber and  PEEP  results  (C). 

Results 

Figure  2  shows  the  results  of  the  five  major  out- 
come variables  we  measured.  Visual  observation  of 
the  lung  (recall  that  the  chest  was  open)  demonstrat- 
ed that  smoke  exposure  immediately  caused  atelec- 
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Fig.  2.  Effect  of  smoke  and  PEEP  on  pulmonary  compli- 
ance (a),  Pao2  (b),  venous  admixture  (c),  cardiac  index 
(d),  and  COHb  (e).  Legend  is  □  =  no  smoke  +  5  cm  H20 
PEEP,  ■=  smoke  +  5  cm  H20  PEEP,  and  E3  =  smoke  + 
10  cm  H20  PEEP.  Bars  are  group  mean  and  SD.  *  =  p  < 
0.05  vs  baseline;  f  =  p  <  0.05  vs  smoke  +  5  cm  H20 
PEEP  group;  tt  =  P  <  0.05  vs  control  and  smoke  +  10  cm 
H20  PEEP  group. 
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tasis  and  a  general  decrease  in  lung  volume.  This 
observation  was  corroborated  by  a  decrease  in  pul- 
monary compliance  (Fig.  2a)  in  both  smoke-ex- 
posed groups  5  minutes  after  smoke  inhalation.  The 
atelectasis  resulted  in  a  fall  in  arterial  Po:  (Fig.  2b) 
and  increased  venous  admixture  (Fig.  2c)  5  minutes 
following  smoke  inhalation.  Cardiac  index  (Fig.  2d) 
did  not  change  5  minutes  after  smoke  inhalation. 
Smoke  exposure  was  uniform  in  both  smoke  groups 
as  evidenced  by  similar  levels  of  COHb  (Fig.  2e). 
Also,  none  of  the  physiologic  data  were  significant- 
ly different  between  smoke-exposed  groups  (5  min- 
utes after  smoke  inhalation  before  addition  of  10  cm 
H20  PEEP  [0.98  kPa]),  indicating  a  similar  level  of 
injury  to  both  smoke-inhalation  groups. 

Addition  of  10  cm  FLO  PEEP  [0.98  kPa]  visibly 
reduced  the  amount  of  atelectasis  and  increased 
lung  volume.  Increasing  PEEP  to  10  cm  H20  [0.98 
kPa]  returned  pulmonary  compliance  to  near  base- 
line values;  whereas  with  5  cm  FLO  PEEP  [0.49 
kPa],  compliance  remained  significantly  below 
baseline  values  for  the  duration  of  the  experiment  (4 
hours.  Fig.  2a).  When  animals  were  maintained  on  5 
cm  H20  PEEP  [0.49  kPa],  Pa0:  (Fig.  2b)  and  venous 
admixture  (Fig.  2c)  remained  statistically  signifi- 
cantly different  from  baseline  values  throughout  the 
experiment.  Increasing  PEEP  to  10  cm  FbO  [0.98 
kPa]  returned  venous  admixture  and  Pao:  to  near 
baseline  values  2  hours  following  smoke  inhalation. 
CI  did  not  significantly  change  from  baseline  with 
the  addition  of  5  cm  H20  PEEP  [0.49  kPa],  but  did 
fall  below  baseline  with  addition  of  10  cm  FLO 
PEEP  [0.98  kPa]  (Fig.  2d).  However,  CI  was  not 
statistically  significantly  different  between  groups 
at  any  time  period.  Systemic  blood  pressure  fell  1  h 
following  smoke  exposure  in  both  PEEP  groups  but 
returned  to  near-baseline  values  by  4  h.  Blood  pres- 
sure did  not  change  from  baseline  in  the  control  ani- 
mals. These  data  are  presented  in  Table  2.  Pulmo- 

Table  2.    Changes  in  Mean  Systemic   Blood  Pressure  in 
Smoke-Exposed  Dogs 


PEEP 
(cm  H:0) 


Time  after  Exposure 


Baseline  (ton)       I  Hour(torr)      4Hours(torr) 


121.7(16.8)* 
107.2(16.8) 


91.4  (15.9)t 
76.9  (16.5)t 


101.9(32.0) 
95.8(18.8) 


nary  artery  pressure  was  significantly  increased  5 
minutes  after  smoke  inhalation  but  returned  to  near- 
baseline  by  1  h.  These  data,  baseline  and  5  min  after 
smoke  inhalation,  are  shown  in  Table  3.  There  was 
no  change  from  baseline  in  pulmonary  artery  pres- 

Table  3.    Pulmonary  Artery  Pressure  at  Baseline  and  after  5 
Min  of  Smoke  Inhalation 

pppp  Time  after  Exposure 


(cmH20)                           Baseline  (torr) 

5  Min  (torr) 

5                                          14.8  (2.8)* 
10                                          14.4(2.4) 

19.8(3.6)t 

19.1  (4.1)t 

"Values  are  mean  (SD). 

tCompared  to  baseline  measurement,  p  <  0.05. 

sure  for  controls.  We  saw  no  significant  change  in 
PCWP  in  the  Control  or  Smoke  +  5  groups.  Smoke 
did  not  change  PCWP  in  the  Smoke  +  10  group,  but 
the  addition  of  PEEP  did  increase  PCWP.  Mean 
(SD)  at  baseline  =  6.0  (1.1)  and  with  10  cm  H20 
PEEP,  8.9  (2.0)  (p  <  0.05).  Smoke  inhalation  result- 
ed in  elevated  lung  water  at  both  2  and  4  hours  fol- 
lowing exposure,  but  neither  the  time  after  smoke 
inhalation  (2  or  4  hrs)  nor  the  level  of  PEEP  (5  or  10 
cm  H20  [0.49  or  0.98  kPa])  significantly  altered 
EVLW  (Table  4).  Although  all  of  the  measurements 
of  extravascular  lung  water  following  smoke  inhala- 
tion were  significantly  greater  than  those  of  the  con- 
trols, they  were  not  different  from  each  other. 

Table  4.    Changes   in   Mean   Extravascular  Lung  Water 
(EVLW)  in  Smoke-Exposed  Dogs* 


Time  after 

Exposure 

PEEP 
(cmH:0) 

2  Hours 
(mL/g)t 

4  Hours 
(mL/g) 

5 
10 

6.09    (2.40) 
5.3     (0.85) 

4.73  (0.77) 
5.11  (1.10) 

♦Values  are  mean  (SD). 

tCompared  to  baseline  and  4  hours  after  smoke  exposure,  p  <  0.005. 


*Values  are  mean  (SD);  EVLW  in  control  animals  =  3.84  (0.14);  p  < 

0.005  for  control  vs  all  measurements  after  exposure. 
tUnits  are  mL  H^O/g  dry  lung. 


Discussion 

The  results  of  the  present  study  are  consistent 
with  previous  studies  using  a  canine  model  of 
smoke  inhalation.16  I8|c)"  The  response  to  wood 
smoke  exposure  was  qualitatively  similar  in  all  ani- 
mals; it  included  atelectasis,  decreased  compliance. 
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increased  venous  admixture,  and  edema.  Atelectasis 
is  believed  to  be  due  to  pulmonary  surfactant  inhibi- 
tion by  wood  smoke.1618-28  It  is  important  to  note 
that  wood  smoke  inhalation  causes  immediate 
pulmonary  injury  in  contrast  to  cotton  smoke  in- 
halation, which  causes  a  delayed  lung  injury.1-6-7-14 
These  data  are  significant  because  they  demonstrate 
that  pulmonary  pathology,  in  smoke-inhalation  pa- 
tients, may  be  present  immediately  upon  hospital 
admission  but  take  several  hours  to  become  clinical- 
ly obvious. 

Our  results  show  that  10  cm  HiO  PEEP  eliminat- 
ed gross  atelectasis,  reduced  venous  admixture,  re- 
turned blood  gases  to  normal,  and  restored  Cl  to 
near-baseline  values  following  acute  smoke  inhala- 
tion. Increasing  PEEP  did  not  alter  the  time-course 
of  COHb  reduction.  This  suggests  that  alveolar  ven- 
tilation is  not  the  primary  regulator  of  COHb.  Wood 
smoke  inhalation  also  resulted  in  pulmonary  edema, 
which  was  evident  as  early  as  2  hours  following  ex- 
posure and  was  not  influenced  by  the  level  of  PEEP. 

PEEP  is  recognized  as  a  potential  modifier  of 
EVLW  in  two  possible  ways.  ( 1 )  PEEP  may  alter 
the  Starling  forces,  which  govern  fluid  filtration  in 
the  capillaries.  The  relationship  between  the  hydro- 
static and  oncotic  forces  within  pulmonary  capillar- 
ies and  those  in  the  interstitial  space  surrounding  the 
capillaries  governs  fluid  movement  out  of  the  ves- 
sels.38 EH  Starling39  defined  this  relationship  as  the 
difference  in  the  hydrostatic  pressures  minus  the 
difference  in  the  oncotic  pressures.  It  is  possible  that 
PEEP  increases  interstitial  hydrostatic  pressure  and 
thus  decreases  fluid  flux.  (2)  PEEP  may  alter  the  in- 
terstitial capacity  to  store  fluid,  thus  redistributing 
the  existing  lung  water  in  the  extravascular  space  of 
the  lung — edema  cuffing.  The  interstitial  space  sur- 
rounding pulmonary  vessels  acts  as  an  emergency 
reservoir  for  edema  fluid  as  it  moves  out  of  the  pul- 
monary capillaries.  The  perivascular  space  expands 
as  it  becomes  fluid  filled,  creating  cuffs  completely 
surrounding  the  vessels.20  Alveolar  flooding  does 
not  take  place  until  these  cuffs  are  completely  satu- 
rated. This  study  showed  no  improvement  in  EVLW 
as  a  result  of  ventilation  and  10  cm  HiO  PEEP.  In 
other  studies.411-41  the  investigators  found  that  the  use 
of  PEEP  increased  the  perivascular  fluid  cuffs  (the 
ability  of  the  vessel  wall  to  store  fluid)  in  the  lung 
without  affecting  total  lung  water.  Although  we  did 
not  quantify  the  size  of  the  perivascular  cuffs,  it  is 


possible  that  PEEP  may  have  redistributed  EVLW 
from  the  interstitium  into  the  larger  perivascular 
space.  According  to  these  reports,  this  effect  of 
PEEP  improves  gas  exchange.  Also,  it  is  interesting 
that,  in  our  study,  EVLW  did  not  increase  with  time 
in  a  predictable,  stepwise  manner.  We  found  no  dif- 
ference in  EVLW  between  2  and  4  hours  after 
smoke  exposure  in  either  PEEP  group.  This  sug- 
gests that  wood  smoke  causes  a  rapid  increase  in 
EVLW  that  is  maintained  for  at  least  4  hours  after 
smoke-inhalation  injury. 

In  addition  to  its  effect  on  the  Starling  forces, 
PEEP  may  have  influenced  the  zone  conditions  in 
the  lungs.42  For  example,  in  the  open-chest  animals 
with  5  cm  H20  PEEP  [0.49  kPa],  the  lung  was 
mostly  under  zone  3  conditions  (perfusion  constant); 
whereas  with  10  cm  H20  PEEP  [0.98  kPa].  the 
lungs  would  be  under  zone  2  conditions  (perfusion 
cyclic,  varying  inversely  with  alveolar  pressure 
changes)  throughout  the  respiratory  cycle.42  Thus, 
in  addition  to  the  effects  on  interstitial  hydrostatic 
pressure,  it  is  possible  that  changes  in  zone  condi- 
tions could  have  altered  the  course  of  edema.34-43 
However,  the  net  effect  was  small,  and  it  is  possible 
that  besides  the  redistribution  of  existing  EVLW, 
the  change  in  hydrostatic  force  caused  by  PEEP 
may  have  diminished  filtration  in  some  alveolar 
vessels  while  enhancing  filtration  in  extra-alveolar 
vessels.44 

It  is  worth  emphasizing  that  the  lack  of  signifi- 
cant change  in  EVLW  with  PEEP  is  not  unique  to 
smoke  inhalation  injury.  In  oleic  acid  injury41  and 
high-pressure  edema,42  PEEP  did  not  change  the 
total  EVLW.  However,  with  surface-tension-in- 
duced pulmonary  edema,4"'  PEEP  increased  the  total 
EVLW,  and  simultaneously  improved  gas  exchange. 

Another  common  hemodynamic  consequence  of 
PEEP  is  a  reduction  in  CO.*47  This  potentially 
deleterious  effect  can  be  overcome  by  fluid  admin- 
istration and  the  use  of  inotropic  agents.48  This  im- 
plies, of  course,  that  fluid  infusion  is  safe  in  clinical 
situations  in  which  resuscitation  is  mandatory  and 
in  which  the  effects  of  PEEP  on  systemic  hemody- 
namics are  appreciated  and  compensated  for.  PEEP 
restores  venous  admixture  toward  baseline  levels  by 
reinflating  collapsed  alveoli.495"  The  increase  in 
dead-space  ventilation  following  the  institution  of 
PEEP49-50  is  the  result  of  a  pressure-related  reduc- 
tion in  alveolar  capillary  perfusion  that  can  be  com- 
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pensated  for  by  increasing  the  vascular  pressure 
pharmacologically  or  with  fluid  administration.  Con- 
sequently, more  lung  units  shift  back  to  zone  2  or 
zone  3  conditions.42 

The  use  of  PEEP  with  the  smoke-damaged  lung 
is  somewhat  controversial  in  that  PEEP  may  result 
in  overdistention  of  patent  alveoli  rather  than  the  re- 
cruitment of  collapsed  alveoli.-""1"52  This  overdisten- 
tion results  ultimately  in  diversion  of  blood  flow  to 
the  collapsed  alveoli  and  an  increase  in  venous  ad- 
mixture. In  one  study,  cotton  smoke  inhalation  in  in- 
tact sheep  increased  dead-space  ventilation  but  did 
not  improve  ventilation-perfusion  matching.51  The 
cause  for  this  discrepancy  in  results  is  not  clear  and 
may  be  related  to  model  (dog  vs  sheep)  or  smoke 
type  (wood  vs  cotton)  differences.  In  contrast,  in  the 
present  study,  PEEP  decreased  venous  admixture, 
suggesting  improved  ventilation-perfusion  match- 
ing. Because  wood  smoke  inhalation  results  in  at- 
electasis, secondary  to  surfactant  deactivation,16 
PEEP  probably  improves  ventilation-perfusion 
matching  by  recruitment  of  collapsed  alveoli. 

This  study  does  not  address  the  efficacy  of  the 
prophylactic  use  of  PEEP  in  patients  with  smoke-in- 
halation injury — that  is  PEEP  used  before  incontro- 
vertible respiratory  failure  is  established.51  Clinical 
studies  on  the  prophylactic  use  of  PEEP  provide 
empirical  evidence  that  is  unreliable  because  of  im- 
precise diagnostic  criteria  for  respiratory  failure  and 
because  of  patient  heterogeneity.  For  the  most  part, 
these  studies  support  the  use  of  prophylactic  PEEP 
as  a  way  of  modifying  the  severity  of  the  respiratory 
failure  that  develops  and  of  shortening  the  duration 
of  ventilatory  support.48-53  Prophylactic  PEEP 
makes  good  theoretical  sense  because,  in  our  expe- 
rience, alveolar  function  is  easier  to  maintain  than  to 
restore  after  dense  atelectasis  has  occurred.  Several 
clinical  studies  support  the  efficacy  of  PEEP  fol- 
lowing smoke-inhalation  injury.53-54 

Smoke  inhalation  is  characterized  by  diagnostic 
uncertainty,  the  insidious  onset  of  respiratory  fail- 
ure, and  the  frequent  respiratory  complications  aris- 
ing from  the  skin  burn  present  in  over  75%  of  in- 
halation-injury patients.55  The  course  of  the  burn  ill- 
ness often  includes  septic  complications  that  are 
unaffected  by  PEEP54  The  importance  of  these  se- 
quential stresses  on  the  smoke-injured  lung  is  the 
observation  that,  in  patients  with  smoke  inhalation 
but  no  skin  burn,  the  mortality  and  morbidity  is 


much  lower  than  it  is  in  patients  with  both  smoke 
inhalation  and  skin  burn.55"57  There  is  no  evidence 
that  PEEP  offers  any  advantage  to  the  healing  pro- 
cess in  injured  or  damaged  lungs.58  However,  it 
seems  intuitively  correct  to  conclude  that  use  of 
PEEP  would  enhance  recovery  if  it  could  improve 
lung  function  and  maintain  alveolar  patency  follow- 
ing smoke  inhalation. 

Conclusions 

This  study  demonstrates  that  wood  smoke  causes 
instantaneous  lung  injury  (ie,  atelectasis,  decreased 
pulmonary  compliance,  and  increased  shunt  and 
pulmonary  edema)  probably  due  to  pulmonary  sur- 
factant inhibition.  Application  of  adequate  levels  of 
PEEP  reinflates  the  lung,  improving  gas  exchange, 
reducing  venous  admixture,  and  increasing  lung 
compliance  of  smoke-damaged  lungs.  However,  in- 
creasing PEEP  does  not  alter  the  magnitude  or  time- 
course  of  pulmonary  edema  accumulation. 
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Factors  Affecting  Microbial  Colonization  of  the  Trachea  and 
Septicemia  in  Mechanically  Ventilated  Neonates 

Leandro  Cordero  MD,  Kim  Davis  MT,  Scott  Morehead  BS, 
and  Leona  W  Ayers  MD 

BACKGROUND:  The  influence  of  pulmonary  surfactant  administration,  long- 
term  dexamethasone  therapy,  and  presence  of  central  venous  catheters  (CVCs)  on 
microbial  colonization  of  the  trachea  and  neonatal  septicemia  is  largely  unknown. 
We  examined  these  relationships  using  a  case-control  design.  MATERIALS  & 
METHODS:  We  retrieved  data  from  the  medical  record  and  reviewed  tracheal 
aspirate  (TA)  and  blood  (BL)  cultures  from  251  infants  born  at  University 
Hospital.  These  infants,  who  were  intubated  for  an  average  of  21  days,  provided 
607  TA  (52%  positive)  and  470  BL  (10%  positive)  cultures.  Surfactant  (Exosurf) 
was  given  to  158  patients;  of  these,  42  were  matched  by  birthweight,  race,  and 
gender  to  42  non-treated  patients.  Thirty-three  of  67  dexamethasone-treated  in- 
fants and  28  of  44  patients  requiring  CVCs  were  also  similarly  matched  to  con- 
trols. RESULTS:  Tracheal  colonization  increased  from  26%  at  1  week  to  94%  at 
4  weeks.  Gram-negative  flora  increased  from  10%'  of  the  first  week's  positive  cul- 
tures to  30%  of  the  fifth  week's  positive  cultures,  then  declined.  Yeast  decreased 
from  10%  of  the  first  week's  positive  cultures  to  5%  of  the  positive  cultures  taken 
at  4  weeks.  TA  Gram-positive  flora  remained  unchanged  in  composition  through- 
out the  period  of  observation — Staphylococcus  epidermidis  34%,  Staphylococcus 
haemolyticus  17%,  Streptococcus  species  13%,  Staphylococcus  aureus  5%,  and 
mixed  organisms  30%.  In  36  patients,  BL  and  TA  samples,  taken  within  48  hours 
of  each  other,  grew  the  same  organism  13  times.  Percent  positive  TA  and  BL  cul- 
tures, types  of  pathogens,  and  pattern  of  tracheal  colonization  were  similar  for  all 
study  groups.  Positive  BL  cultures  occurred  in  34%  of  the  44  patients  with  CVCs 
and  in  9%  of  the  remaining  207  infants.  CONCLUSIONS:  Neither  surfactant  nor 
dexamethasone  alter  tracheal  colonization  patterns  nor  increase  the  incidence  of 
neonatal  septicemia.  Central  venous  catheterization  does  not  alter  tracheal  colo- 
nization but  along  with  birthweight  and  gestational  age  poses  significant  risk  for 
neonatal  septicemia  (p  =  0.004  and  0.04,  respectively).  Weekly  TA  cultures  detect 
the  introduction  of  pathogens  capable  of  causing  nosocomial  infection  but,  in  this 
group  of  patients,  were  of  limited  value  in  predicting  late-onset  septicemia.  [Respir 
Care  1993;38(12):1355-1363.] 


Background 

Routine  cultures  of  tracheal  aspirates  (TA)  from 
mechanically  ventilated  neonates  have  been  valu- 
able in  the  identification  of  the  bacterial  agents  of 
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congenital  pneumonia,1  whereas  routine  TA  culture 
surveillance  has  not  reliably  predicted  the  bacterial 
pathogens  likely  to  be  isolated  in  late-onset  sep- 
ticemia.2 4  Thus,  the  value  of  serial  TA  cultures  has 
been  limited  to  the  characterization  of  tracheal 
flora.5-6  However,  most  of  the  studies  cited  were 
conducted  before  the  widespread  use  of  exogenous 
pulmonary  surfactant  for  prevention  and/or  treat- 
ment of  hyaline  membrane  disease  (HMD)  and  the 
use  of  corticosteroids  for  the  treatment  of  broncho- 
pulmonary dysplasia  (BPD).7  u  It  has  been  pro- 
posed that  the  administration  of  surfactant  and/or 
dexamethasone  would  not  increase  the  risk  of  infec- 
tion.13 These  studies,  however,  involved  few  infants 
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and  did  not  address  the  specific  issue  of  bacterial 
colonization  of  the  airways.7"15 

The  purpose  of  the  present  investigation  was  to 
describe  the  bacterial  colonization  of  the  trachea  in 
mechanically  ventilated  newborns  in  a  neonatal  in- 
tensive care  unit  (NICU)  and  to  relate  colonization 
to  the  administration  of  exogenous  pulmonary  surfac- 
tant and  systemic  corticosteroids  and  to  placement 
of  central  venous  catheters  (CVCs).  The  temporal 
relationship  between  airway  bacterial  colonization 
and  culture-proven  septicemia  was  also  explored. 

Materials  and  Methods 

Two  hundred  and  fifty-one  infants  born  at  Uni- 
versity Hospital  during  1991  and  1992  who  were  in- 
tubated longer  than  1  day  comprised  the  study  pop- 
ulation. All  infants  required  mechanical  ventilation; 
a  neonatal  pressure-limited  time-cycled  ventilator* 
was  used.  Three  of  these  infants  were  temporarily 
treated  with  high-frequency  ventilation  because  of 
pulmonary  interstitial  emphysema. 

Blood  cultures  (BL),  complete  blood  counts 
(CBC),  and  chest  radiographs  were  performed  on 
all  infants  upon  admission  to  the  NICU.  Subsequent 
blood  cultures  were  also  taken  whenever  infections 
were  suspected.  All  infants  were  treated  prophylac- 
tically  with  ampicillin  (100  mg  •  kg-1  -day-1  I.V. 
given  in  2  doses  q  12  h)  and  gentamicin  (5  mg  • 
kg-1  •  day-1  I.V.  given  in  2  doses  q  12  h).  This  regi- 
men was  continued  for  3-5  days  if  the  cultures  were 
negative,  5-7  days  if  cultures  were  negative  but  clin- 
ical signs  of  infection  were  present,  7-10  days  if  cul- 
tures were  positive,  and  14-21  days  if  there  were 
signs  of  meningitis.  Infants  who  developed  sepsis 
late  in  their  hospital  course  were  treated  with  gen- 
tamicin and  vancomycin.  Once  isolates  were  identi- 
fied, the  antibiotic  therapy  was  changed  according 
to  the  results  of  microbial  sensitivity  studies. 

Tracheal  aspirates  were  obtained  weekly  under 
sterile  conditions.  First,  0.5  mL  of  normal  saline 
was  introduced  into  the  endotracheal  tube,  then  suc- 
tion was  applied  and  the  specimen  collected  into  a 
sealed  container.  Bacteriologic  cultures  were  pro- 
cessed using  standard  laboratory  procedures.16  Anti- 


*Suppliers  are  identified  in  the  Product  Sources  section  at  the 
end  of  the  text. 


biotic  sensitivities  were  obtained  for  all  bacterial 
isolates. 

All  infants  required  umbilical  artery  catheteriza- 
tion, and  those  who  needed  long-term  intravenous 
therapy  underwent  CVC  placement.  For  this  proce- 
dure a  cuffed  silicone  catheter  was  tunneled  under 
the  skin  and  terminated  in  a  central  vein.17  In  our 
NICU  most  catheters  are  inserted  through  the 
saphenous  vein  and  placed  in  the  inferior  vena  cava. 

Exogenous  synthetic  surfactant  (Exosurf)  was 
given  (5  mL/kg  body  weight  given  in  2  doses  q  12 
h)  intratracheally.  When  indicated,  infants  were 
given  dexamethasone  sodium  phosphate  (0.5  mg  • 
kg-1  -day-1  given  in  2  doses  q  12  h)  intravenously 
for  3  days.  Thereafter  a  10%  decrease  in  dosage 
every  3  days  was  initiated  and  continued  for  up  to  4 
weeks.7-8 

Data  Collection  and  Statistical  Analysis 

Our  NICU  is  managed  under  a  prospective  plan 
of  patient  care,  which  did  not  change  over  the  study 
period.  Results  of  the  bacteriologic  cultures  were 
collected  concurrently  and  stored  in  the  hospital 
laboratory  computer  system.  Demographic  and  clin- 
ical information  for  the  25 1  infants  was  retrospec- 
tively obtained  from  the  hospital  medical  records. 
Subgroups  were  formed  for  specific  analyses.  Forty- 
two  patients  who  received  exogenous  surfactant 
were  individually  matched  by  birthweight  to  42  in- 
fants who  did  not  receive  surfactant.  On  a  group 
basis,  gender  and  weight  were  comparable.  Thirty- 
three  infants  who  received  dexamethasone  were 
similarly  matched  to  33  who  did  not.  Twenty-eight 
infants  who  underwent  CVC  placement  were 
matched  by  birthweight,  race,  gender,  length  of  hos- 
pitalization, and  duration  of  intubation  to  28  infants 
who  did  not.  The  results  are  reported  as  mean  (SD). 
Paired  t  test  was  used  to  analyze  the  significance  of 
the  mean  difference  in  birthweight.18  Unpaired  / 
tests  were  used  to  analyze  the  significance  of  the 
difference  of  group  means  of  gestational  age,  dura- 
tion of  umbilical  artery  catheterization,  duration  of 
central  venous  catheterization,  duration  of  intuba- 
tion, and  length  of  hospital  stay.  A  %2  test  on  propor- 
tions was  used  for  gender,  race,  premature  rupture 
of  membranes,  positive  blood  cultures,  and  route  of 
delivery. 
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Every  patient  from  the  three  matched  groups  de- 
scribed above  was  used  in  a  multivariate  analysis  to 
assess  combined  treatment  effects.  Each  of  these 
115  infants  was  classified  as  negative  (no  positive 
blood  culture,  n  =  95)  or  positive  (one  or  more  posi- 
tive blood  cultures,  n  =  20).  Forward  stepwise  logis- 
tic regression  was  employed  to  assess  the  influence 
of  birthweight,  gestational  age,  gender,  umbilical 
artery  catheterization,  duration  of  intubation,  length 
of  hospital  stay,  surfactant  administration,  dexam- 
ethasone  treatment,  and  placement  of  CVCs,  on  the 
incidence  of  positive  blood  cultures.  Using  only  pa- 
tients from  the  three  matched  groups  increased  the 
comparability  of  the  sample  for  multivariate  analy- 
sis more  than  if  all  25 1  patients  had  been  used. 

Results 

Of  the  25 1  infants  whose  records  were  reviewed. 
26%  were  intubated  for  less  than  2  weeks,  34%  be- 
tween 2  and  3  weeks,  and  the  remaining  40%  were 
intubated  longer  than  3  weeks.  Characteristics  of 
the  study  population  are  presented  in  Table  1 :  47  of 
the  251  infants  were  Black,  2  Oriental,  2  Hispanic, 
and  the  remaining  were  Caucasian;  224  were  single- 
tons; 50%  were  delivered  by  cesarean  section. 
Etiology  of  the  respiratory  failure  was  HMD  (70%), 
respiratory  failure  of  nonpulmonary  cause  (20%), 
and  meconium  aspiration  or  pneumonitis  (10%). 
Seventeen  of  the  251  infants  (7%)  died  either  during 
the  neonatal  period  or  during  the  first  6  months  of 
life. 


Tracheal  Aspirate  Cultures 

We  found  607  TA  cultures  from  2 1 7  patients  who 
were  intubated  longer  than  one  week.  Of  these,  392 
were  positive.  The  distribution  of  positive  cultures 
is  shown  in  Figure  1 ;  each  bar  is  a  composite  for 
that  time  period  showing  the  percent  of  positive  TA 
cultures  that  were  Gram-positive,  Gram-negative, 
and  yeast.  Tracheal  colonization  increased  from 
26%  at  1  week  to  94%  at  4  weeks.  Gram-negative 
flora  increased  from  10%  of  the  first  week's  posi- 
tive cultures  to  30%  of  the  fifth  week's  positive  cul- 
tures, then  declined.  Yeast  decreased  from  10%  of 
the  first  week's  positive  cultures  to  5%  of  the  posi- 
tive cultures  obtained  at  4  weeks.  TA  Gram-positive 
flora  remained  unchanged  in  composition  through- 
out the  period  of  observation — Staphylococcus  epi- 


12  3  4  5  6  7 

Weeks  of  Age 

Fig.  1.  Bacterial  colonization  of  the  trachea  in  251  me- 
chanically ventilated  infants.  =  Gram-positive,  n  = 
Gram-negative,  and  ■  =  yeast. 


Table  1.    Population  Studied  To  Determine  Factors  Affecting  Tracheal  Colonization  and  Septicemia 


Birthweight 

Number 

Number  of 

Gestational  Age 

Duration  of 

Length  of 

(g) 

of  Patients 

Patients  Dead 

(weeks) 

Intubation  (days) 

Stay  (days) 

501-750 

18 

6 

27(2)* 

39(27)* 

56(35)* 

751-1,000 

51 

7 

27(1) 

30(18) 

57(21) 

1,001-1,250 

44 

1 

28(2) 

20(14) 

45(17) 

1,251-1.500 

44 

2 

30(2) 

11 (10) 

35(12) 

1,501-1,750 

25 

0 

31(1) 

9    (9) 

29  ( 1 1 ) 

1,751-2,000 

18 

0 

33(2) 

12(17) 

26(16) 

>  2,001 

51 

1 

35(5) 

16    (8) 

17(1) 

Total 

251 

17 

30(4) 

17    (17) 

37(23) 

"Values  are  mean  (SD) 
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dermidis  34%,  Staphylococcus  haemolyticus  17%, 
Streptococcus  species  13%,  Staphylococcus  aureus 
5%,  and  mixed  organisms  30%. 

Gram-negative  flora  was  represented  by  Serratia 
marcescens  (31%),  Escherichia  coli  (22%), 
Enterobacter  cloacae  (18%),  and  mixed  flora 
(29%).  It  should  be  noted  that  S  marcescens  was  re- 
covered from  a  cluster  of  5  patients  during  a  2- 
month  period  only. 

Septicemia  and  TA  Cultures 

Of  the  25 1  patients  included  in  this  study,  34  de- 
veloped one  (26  patients)  or  more  than  one  (8  pa- 
tients) episode  of  bacteriologically  proven  sep- 
ticemia during  hospitalization.  Of  the  34  septic  in- 
fants, 33  responded  to  treatment  promptly  and  pre- 
sented negative  follow-up  BL  cultures.  The  excep- 
tion was  an  infant  from  whom  Klebsiella  pneumoni- 
ae was  cultured  3  times  during  72  hours  before  re- 
sponding to  cefotaxime  (150  mg  •  kg-1  •  day"'  I.V. 
given  in  3  doses  q  8  h).  Three  of  the  34  infants  who 
developed  septicemia  later  died  from  complications 
unrelated  to  sepsis. 

Seven  of  the  44  positive  blood  cultures  were 
taken  immediately  after  birth  (3  Group  B  Strep- 
tococcus species,  2  E  coli,  1  Candida  albicans,  and 
1  S  marcescens).  Four  positive  blood  cultures  oc- 


curred during  the  first  week  of  life,  21  others  be- 
tween the  second  and  fourth  weeks,  and  the  remain- 
ing 12  cultures  were  obtained  after  the  fourth  week. 
Twenty-two  of  the  37  nosocomial  infections  were 
due  to  Gram-positive  bacteria  (14  5  epidermidis,  8  5 
haemolyticus),  10  infections  were  due  to  Gram-neg- 
ative bacilli  (4  K  pneumoniae,  1  E  Coli,  2  S 
marcescens,  2  E  cloacae,  1  Salmonella  species), 
and  C  albicans  accounted  for  the  remaining  5  cases. 

The  relationship  between  TA  and  BL  isolates  was 
studied  in  36  patients  whose  samples  were  taken  ei- 
ther simultaneously  or  within  48  hours  of  each 
other.  At  the  time  of  positive  BL  culture,  13  TA 
were  negative,  10  TA  were  positive  with  a  different 
organism,  and  13  TA  (36%)  grew  the  same  organ- 
ism as  in  blood  (6  S  epidermidis,  2  S  haemolyticus, 
2  E  coli,  1  S  marcescens,  1  E  cloacae,  and  1  C  albi- 
cans). 

Organisms  isolated  from  TA  that  were  different 
from  those  obtained  from  blood  included  1  S  au- 
reus, 1  5  haemolyticus,  4  S  epidermidis,  1  S  mar- 
cescens, 2  P  aeruginosa,  and  1  yeast. 

Exogenous  Pulmonary  Surfactant  and 
TA  Cultures 

One  hundred  and  fifty-eight  (63%)  of  the  251  in- 
fants received  two  doses  of  exogenous  surfactant 


Table  2.    Comparison  of  Variables  in  42  Surfactant-Treated  Infants  and  42  Controls 


Treatment 
mean  (SD) 


Control 
mean  (SD) 


p  Value 


Birthweight  (grams) 

Gestational  age  (weeks) 

Race  (Caucasian/Black) 

Gender  (male/female) 

Premature  rupture  of  membranes  (patients) 

Cesarean  deliveries 

Umbilical  arterial  catheter  (days) 

Central  venous  catheter  (days) 

Duration  of  intubation  (days) 

Duration  of  hospitalization  (days) 

Positive  blood  cultures  (patients) 


*Paired  /  test. 
tUnpaired  /  test. 

tx2- 


,323  (609) 

29(3) 

36/6 

28/14 

22 

18 

12(7) 

32(17) 

27(18) 

48(23) 

5 


1,333(693) 
30(4) 
33/9 
27/15 

24 

22 

9(5) 

22(8) 

19(17) 

36(23) 

7 


0.46* 
0.52t 
0.56* 
1.00$ 
0.83$ 
0.65$ 
0.04t 
0.05t 
0.021 
0.04t 
0.52$ 
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after  the  first  and  before  the  24th  hour  of  life.  Char- 
acteristics of  42  of  these  patients  and  their  matched 
controls  are  presented  in  Table  2.  As  expected,  birth- 
weight,  gestational  age,  gender,  and  racial  distribu- 
tion were  similar  among  the  groups.  The  occurrence 
of  prolonged  rupture  of  membranes  (PROM)  and 
cesarean  delivery  was  also  similar.  Because  exoge- 
nous surfactant  was  administered  to  neonates  with 
severe  HMD  (patients  whose  PaCh/PAO?  <  0.22),  in- 
fants in  the  control  group  had  a  less  complicated 
hospital  course,  clearly  documented  by  the  need  of 
patients  in  the  surfactant  group  to  remain  intubated 
longer  (1,136  days  vs  821  days)  and  also  to  require 
longer  hospitalization  (2,041  vs  1,539  days).  Sicker 
infants  required  prolonged  catheter  placements  (312 
days  for  those  treated  and  164  days  for  those  not 
treated  with  surfactant).  During  the  study  period, 
103  blood  cultures  (13%  positive)  were  taken  from 
the  44  surfactant  and  63  (10%  positive)  from  the  44 
nonsurfactant-treated  infants.  No  differences  were 
found  in  the  species  of  organisms  isolated  from  ei- 
ther group. 

Due  to  the  differences  in  duration  of  endotracheal 
intubation,  more  tracheal  aspirates  were  taken  from 
surfactant-treated  infants  (144)  than  from  those  who 
were  not  treated  (96).  For  both  groups  the  percent- 
age of  positive  TA  cultures  was  similar  (53  and 
59%,  respectively).  Tracheal  aspirate  colonization 


pattern  was  identical  for  surfactant-treated  infants 
and  controls.  Acquisition  of  Gram-positive  and 
Gram-negative  bacteria  and  yeast  was  similar  to 
that  of  the  entire  group  (Fig.  1 ). 


Dexamethasone  Therapy  and  TA  Cultures 

Of  the  251  infants,  67  (27%)  received  a  pro- 
longed course  of  corticosteroids  for  the  treatment  of 
BPD.  Characteristics  of  33  of  these  infants  and  their 
matched  controls  are  presented  in  Table  3.  It  can  be 
seen  that  both  groups  were  similar  not  only  in  de- 
mographics but  also  in  the  incidence  of  PROM  and 
mode  of  delivery.  The  number  of  infants  who  re- 
quired umbilical  artery  catheterization  and  the  dura- 
tion of  catheterization  were  comparable.  Fifteen  pa- 
tients in  the  dexamethasone  group  needed  CVCs  for 
an  average  of  27  days,  whereas  the  1 1  patients  in  the 
control  group  required  CVCs  for  an  average  of  only 
15  days.  This  difference  was  statistically  significant 
(p  =  0.04).  The  cases  also  required  mechanical  ven- 
tilation and  hospitalization  longer  than  controls. 
The  number  of  TA  and  BL  cultures  taken  was  high- 
er in  the  group  of  infants  treated  with  cortico- 
steroids. The  percent  of  positive  TA  and  BL  cul- 
tures, however,  was  not  statistically  significantly 
different  (p  =  0.2). 


Table  3.    Comparison  of  Variables  in  33  Dexamethasone-Treated  Infants  and  33  Controls 


Treatment 
mean  (SD) 


Control 
mean  (SD) 


p  Value 


Birthweight  (grams) 

Gestational  age  (weeks) 

Race  (Caucasian/Black) 

Gender  (male/female) 

Premature  rupture  of  membranes  (patients) 

Cesarean  deliveries 

Umbilical  arterial  catheter  (days) 

Central  venous  catheter  (days) 

Duration  of  intubation  (days) 

Duration  of  hospitalization  (days) 

Positive  blood  cultures  (patients) 


*Paired  t  test. 
tUnpaired  1  test. 

Xx-. 


932 (207) 
27(2) 
29/4 
23/10 

16 

15 
12(10) 
27  (IS) 
39(18) 
62(17) 

7 


922(219) 

27(2) 

30/3 

19/14 

15 

14 

11  (6) 

25(14) 

31  (13) 

57  (20) 

6 


0.38* 
0.25t 

0.67| 
0.5 1  % 
1  .00$ 
1.00$ 
0.33* 
0.44| 
0.03t 
0.161 
1.00$ 
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Dexamethasone  treatment  was  started  at  approxi- 
mately 3  weeks  of  life.  TA  bacterial  colonization 
pattern  before  and  after  3  weeks  of  life  was  not  dif- 
ferent between  dexamethasone-treated  and  non- 
treated  infants  and  was  similar  to  that  described  for 
the  entire  study  population.  The  number  of  yeast 
and  Gram-positive  and  Gram-negative  bacteria  re- 
covered from  blood  from  both  groups  of  infants  was 
also  similar. 

Central  Venous  Catheter,  TA, 
and  Blood  Cultures 

Forty-four  (17%)  of  the  251  infants  included  in 
this  study  underwent  placement  of  a  CVC  for  a  total 
duration  of  1,080  days  (average  of  24.5  days  per  pa- 
tient). Fifteen  of  the  44  (34%)  infants  who  under- 
went central  venous  catheterization  and  19  of  the 
207  (9%)  who  did  not.  developed  positive  BL  cul- 
tures sometime  during  the  hospitalization.  In  order 
to  assess  the  relationship  between  CVC  placement, 
positive  blood,  and  TA  cultures,  28  infants  who  un- 
derwent the  procedure  were  matched  to  28  infants 
who  did  not  (Table  4).  Demographic  characteristics, 
duration  of  endotracheal  intubation,  and  length  of 
hospitalization  were  similar.  Infants  with  CVCs  pre- 
sented clinical  signs  of  sepsis  that  required  105  BL 
cultures  (15%  were  positive),  whereas  control  in- 
fants required  only  72  ( 13%  were  positive).  Isolates 
from  the  CVC  group  included  8  Gram-positive 
cocci,  4  Gram-negative  bacilli,  and  4  yeast.  Those 
obtained  from  the  controls  included  6  Gram-posi- 
tive cocci  and  3  Gram-negative  bacilli.  Some  in- 


fants presented  multiple  positive  blood  cultures. 
Thus,  10  out  of  28  CVC  patients  (36%)  and  4  of  the 
control  infants  (14%)  developed  culture-proven 
sepsis.  This  difference  was  statistically  significant 
(p  =  0.02).  All  infants  recovered  from  their  septic 
episodes.  TA  isolates  were  similar  among  all  infants 
regardless  of  the  presence  of  a  CVC.  Furthermore, 
the  colonization  pattern  was  almost  identical  to  that 
described  for  the  controls  and  the  study  population 
as  a  whole. 

Results  of  the  step-wise  logistic  regression  analy- 
sis indicated  that  low  birthweight  and  gestational 
age  were  strongly  associated  with  septicemia  (p  = 
0.004  and  0.04,  respectively).  However,  after  birth- 
weight  was  entered  into  the  regression,  gestational 
age  was  no  longer  significant  (p  >  0.05).  CVC 
placement  was  the  next  variable  that  added  signifi- 
cantly to  the  risk  (p  =  0.04).  Neither  exogenous  sur- 
factant (p  =  0.29)  nor  dexamethasone  treatment  (p  = 
0.46)  was  significantly  associated  with  the  inci- 
dence of  neonatal  septicemia. 

Discussion 

Mechanically  ventilated  newborns  have  been  ex- 
posed to  three  separate  environments  that  contribute 
to  their  pattern  of  microbial  colonization:  the  uterus, 
the  maternal  vaginal  tract  (except  in  cases  of  cesare- 
an delivery),  and  the  microbial  environment  of  the 
NICU.  Tracheal  aspirate  cultures  taken  shortly  after 
birth  from  infants  who  are  septic  or  who  suffer  from 
congenital  pneumonia  can  provide  valuable  base- 
line bacteriologic  information.'  5  Among  these 


Table  4.    Comparison  of  Variables  in  28  Central-Venous-Catheter-Treated  Infants  and  28  Controls 


Treated 
mean  (SD) 


Control 
mean  (SD) 


p  Value 


Birthweight  (grams) 
Gestational  age  (weeks) 
Race  (Caucasian/Black) 
Gender  (male/female I 
Duration  of  intubation  (days) 
Duration  of  hospitalization  (days) 
Positive  blood  cultures  (patients) 


♦Paired  /  test. 
^Unpaired  I  test. 

tx2- 


1.006(280) 
27(2) 
25/3 
13/15 
37  ( 1 ) 
64(9) 
10 


990(265) 
27(2) 
26/2 
14/14 
36  ( I ) 
64(10) 
4 


0.19* 

0.25t 
0.30$ 
0.29::: 
0.42t 
0.44t 
0.0 1± 
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cases,  which  seldom  exceed  10%  of  NICU  admis- 
sions, the  most  commonly  found  pathogen  is 
Streptococcus  agalactiae  (Group  B).l4<1  During  the 
first  week  of  life  the  percentage  of  infants  whose 
tracheas  were  colonized  ranged  from  10%  to  the 
23%  reported  here.  Colonization  of  the  proximal 
airways  is  delayed  by  the  administration  of  antibi- 
otics and  increases  in  direct  relation  to  the  duration 
of  the  intubation.  Our  data  indicate  that  in  about  3 
weeks  the  majority  of  intubated  newborns  have  ac- 
quired bacterial  flora  in  their  trachea.  Several  years 
ago,  it  was  feared  that  this  colonization  would  result 
in  an  increased  risk  for  infection.1920  Recent  investi- 
gations,4'1 including  the  present  study,  have  shown 
that  not  to  be  the  case. 

In  spite  of  the  vast  number  of  mechanically  venti- 
lated infants,  the  pattern  of  tracheal  colonization  rel- 
ative to  the  various  environments  and  treatments 
has  not  been  extensively  studied.  The  presence  of 
yeast  in  TA  taken  during  the  first  week  is  not  unex- 
pected, and  its  observed  disappearance  over  time  is 
consistent  with  earlier  reports.21  The  ratio  of  Gram- 
positive  cocci  to  Gram-negative  bacilli  from  TAs 
remained  essentially  unchanged  throughout  our 
study  period — 2:1.  This  is  in  contrast  to  the  experi- 
ence of  Slagle  et  al4  who  observed  a  significant  rise 
in  the  number  of  cultures  of  Gram-negative  bacilli 
after  four  weeks  of  ventilation. 

In  the  past,  there  has  been  some  concern  about 
the  possible  effect  of  exogenous  surfactant  on  the 
pulmonary  host  defenses.2  In  a  rabbit  model  of 
pneumonia,  it  was  shown  that  surfactant  was  not 
detrimental  to  lung  defenses  and  one  specific  prepa- 
ration (Exosurf)  significantly  reduced  the  growth  of 
S  agalactiae.22  The  incidence  of  sepsis  and  pneumo- 
nia has  not  been  noted  to  increase  following  the  ad- 
ministration of  natural  or  synthetic  surfactant.10"13,15 
Our  results  also  indicate  that  the  administration  of 
Exosurf  did  not  alter  the  pattern  of  tracheal  colo- 
nization in  intubated  newborns,  nor  did  it  increase 
the  incidence  of  neonatal  infections.  However,  the 
consequences  of  giving  surfactant  to  neonates  with 
congenital  pneumonia  are  still  unclear. 

It  is  generally  accepted  that  long-term  cortico- 
steroid treatment  is  associated  with  an  increased 
susceptibility  to  infections  in  adults  and  children.23 
Thus,  it  is  not  surprising  that  the  practice  of  treating 
infants  with  BPD  with  dexamethasone  has  been  re- 
garded with  some  apprehension.  Early  investigators 


reported  several  cases  of  neonatal  sepsis;  whereas, 
more  recently,  others9,15,23  concluded  that  corticos- 
teroid treatment  did  not  modify  the  incidence  of  in- 
fections. Our  data  support  the  latter  conclusion. 

Intravascular  catheter  placement  has  been  associ- 
ated with  an  increased  risk  of  infections,  especially 
in  the  small  premature  infant.2427  The  34%  inci- 
dence of  culture-proven  sepsis  among  patients  in 
whom  CVCs  were  placed,  the  predominance  of 
Gram-positive  cocci  among  the  isolates,  and  the  ab- 
sence of  sepsis-related  mortality  is  comparable  to 
that  reported  by  others.24-26  Tracheal  colonization 
patterns  were  similar  in  patients  who  had  CVCs  and 
those  who  did  not,  regardless  of  whether  those  pa- 
tients later  became  septic.  This  observation  seems 
to  exonerate  the  tracheobronchial  mucosa  as  a  por- 
tal of  entry  for  CVC-associated  septicemia  and  reaf- 
firms the  commonly  accepted  notion  of  peripheral 
bacterial  contamination. 

Even  when  performed  daily,  TA  surveillance  has 
shown  to  be  of  limited  value  in  the  prediction  and/or 
management  of  late-onset  sepsis.36  Like  others,  we 
have  observed  that  patterns  of  tracheal  bacterial  col- 
onization are  almost  identical  between  infants  who 
did  and  those  who  did  not  develop  late-onset  sep- 
ticemia. It  can  be  argued  that  weekly  TA  cultures 
can  detect  the  introduction  and  spread  of  pathogens. 
Furthermore,  detection  of  background  flora  changes 
and  antibiotic  sensitivity  of  potential  pathogens 
could  be  helpful  in  formulating  NICU  antibiotic 
coverage  policies.2 

Conclusions 

Tracheal  colonization  of  the  mechanically  venti- 
lated neonate  in  the  NICU  setting  appears  to  be  re- 
lated to  environmental  exposures  and  is  not  influ- 
enced by  treatment  modalities  or  manipulations 
such  as  exogenous  pulmonary  surfactant  and  sys- 
temic dexamethasone  therapy  and  central  venous 
catheterization.  TA  cultures  are  of  limited  value  in 
predicting  the  likely  occurrence  or  the  etiology  of 
late-onset  infections  such  as  pneumonia  or  sep- 
ticemia. TA  cultures  performed  at  weekly  intervals 
can  assist  in  monitoring  the  impact  of  NICU  expo- 
sures on  the  outcome  in  a  specific  infant  population. 
The  recognition  of  the  introduction  or  spread  of 
bacterial  pathogens  allows  for  timely  infection  con- 
trol interventions  such  as  infant  isolation,  staff  edu- 
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cation,  or  review  of  antibiotic  programs.  Based  on 
data  from  this  study,  septicemia  of  the  newborn  is 
significantly  associated  with  birthweight,  gestation- 
al age,  and  central  venous  catheterization. 

PRODUCT  SOURCES 

Conventional  Mechanical  Ventilator: 

Sechrist  IV  100  B.  Sechrist  Industries  Inc.  Anaheim  CA 

High  Frequency  Flow  Interrupter: 

Infant  Star  Neonatal  High  Frequency  Ventilator,  Infrasonics 
Inc.  San  Diego  CA 

Pulmonary  Surfactant: 

Exosurf,  Burroughs  Wellcome  Co,  Research  Triangle  Park 
NC 

Central  Venous  Catheter: 

Broviac  Single-Lumen  Vascular  Access  Catheter.  Bard 
Access  Systems,  Salt  Lake  City  UT 

Statistical  Software: 

BMDP  Statistical  Software  Inc.  Los  Angeles  CA 
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CORRECTION 

In  the  October  issue  of  the  Journal  [Respir  Care  1993;38(  10):  1 1 10],  we  published 
a  review  of  the  book  "Respiratory  Care:  A  Guide  to  Clinical  Practice."  3rd  edi- 
tion, by  George  E  Burton.  John  E  Hodgkin,  and  Jeffrey  J  Ward.  We  incorrectly 
gave  the  price  of  this  volume  at  $150.00;  according  to  the  publisher,  the  correct 
price  is  $67.50.  We  regret  the  error. 


RESPIRATORY  CARE  •  DECEMBER  '93  Vol  38  No  12 


1 363 


Reviews,  Overviews,  &  Updates 


Antimuscarinic  and  /^-Adrenoceptor  Bronchodilators 
in  Obstructive  Airways  Disease 

Cynthia  L  Howder  BS  RRT  CPFT 


I.     INTRODUCTION 

II.     REGULATION  OF  AIRWAY  CALIBER  AND 
BRONCHOMOTOR  TONE 

A.  Nonadrenergic  Noncholinergic  Nervous  System 

B.  Parasympathetic  (Cholinergic)  Nervous  System 

1.  Structure  and  Function  in  the  Airways 

2.  Antimuscarinic  Agents  (Anticholinergics,  or 
Parasympatholytics) 

C.  Sympathetic  Nervous  System 

1.  Structure  and  Function  in  the  Airways 

2.  /^-Adrenoceptor  Agonists  (Sympathomimetics) 
COMPARATIVE  BRONCHODILATOR  STUDIES 

A.  Analysis  of  Selected  Comparative  Trials  of  Patients  with 
Asthma 

B.  Analysis  of  Selected  Comparative  Trials  of  Patients  with 
Chronic  Obstructive  Pulmonary  Disease  (COPD) 

PRECIPITATORS  OF  BRONCHOSPASM 
SUMMARY 


III. 


IV. 

V. 


INTRODUCTION 

The  therapeutic  efficacy  of  inhaled  bronchodila- 
tors in  the  management  of  patients  with  airflow  ob- 
struction (chronic  bronchitis,  emphysema,  and  asth- 
ma) is  a  subject  of  continuing  academic  and  clinical 
interest.  Two  primary  types  of  inhaled  bronchodila- 
tors are  administered  to  patients  with  airflow  ob- 
struction: the  /^-adrenoceptor  agonists  and  the  anti- 
muscarinic (anticholinergic)  agents.  When  one  is 
presented  with  bronchodilators  that  exert  pharmaco- 
logic influences  by  different  mechanisms,  several 
questions  arise:  Is  one  more  effective  than  the 
other?  Will  beneficial  effects  be  additive  if  the  two 
types  are  administered  together?  Does  a  patient's 
particular  disease  condition  dictate  the  choice  of 
one  over  the  other? 


Ms  Howder  is  Respiratory  Care  Program  Director,  Seattle  Cen- 
tral Community  College,  Seattle.  Washington. 


To  help  answer  these  questions,  in  this  review  I 
( 1 )  examine  the  autonomic  regulation  of  airway 
function  and  the  pharmacology  of  the  inhaled  bron- 
chodilators, (2)  review  relevant  clinical  literature 
concerning  the  use  of  these  agents  in  patients  with 
airflow  obstruction,  and  (3)  review  the  factors  that 
precipitate  airway  obstruction  and  the  type  of  bron- 
chodilator  more  effective  to  reverse  the  obstruction. 
A  better  understanding  of  these  three  vital  aspects 
can  guide  the  clinician  to  choose  a  drug  regimen 
that  is  appropriate  and  effective  for  a  specific  pa- 
tient. 

REGULATION  OF  AIRWAY  CALIBER  AND 
BRONCHOMOTOR  TONE 

Airway  smooth  muscle  tone  is  regulated  by  the 
three  components  of  the  autonomic  nervous  sys- 
tem— the  sympathetic  (adrenergic),  the  parasympa- 
thetic (cholinergic),  and  the  nonadrenergic  non- 
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cholinergic  (NANC)  systems.1 :  In  addition  to  regu- 
lating airway  smooth  muscle  tone,  the  autonomic 
nerves  influence  secretion  of  mucus  from  submu- 
cosal glands,  vascular  permeability  and  blood  flow, 
fluid  transport  across  airway  epithelium,  and  release 
of  mediators  from  mast  cells  and  other  cells  that 
participate  in  the  inflammatory  response. 

Nonadrenergic  Noncholinergic 
Nervous  System 

Although  comparatively  little  is  known  or  writ- 
ten about  the  third  neural  pathway,  the  NANC  ner- 
vous system,  results  of  various  studies  establish  its 
presence  in  the  airways  of  the  lungs  from  the  tra- 
chea to  the  smallest  bronchi.3"5  The  NANC  system, 
also  known  as  the  nonadrenergic  inhibitory  nervous 
system,  is  believed  to  be  the  primary  inhibitory  sys- 
tem in  the  airways3-4 — inhibitory  in  that  it  prevents 
bronchial  smooth  muscle  contraction.  (There  is 
minimal  innervation  of  the  airways  by  the  sympa- 
thetic nervous  system;  therefore,  the  sympathetic 
nerves  do  not  have  a  direct  role  in  inhibition  of  air- 
way smooth  muscle  contraction.3)  The  neurotrans- 
mitters of  this  third  nervous  system  remain  to  be 
clearly  defined;  however,  increasing  evidence  exists 
that  vasoactive  intestinal  peptide  (VIP)  and  peptide 
histidine  methanol  are  the  primary  mediators  of  the 
NANC  system.46  Functional  VIP  receptors  have 
been  localized  to  airway  smooth  muscle,  epithelial 


cells,  and  submucosal  glands.7  K  Stimulation  of  VIP 
receptors  initiates  a  mechanism  in  which  adenyl  cy- 
clase catalyzes  the  conversion  of  adenosine  triphos- 
phate (ATP)  to  cyclic  3 '.5 '-adenosine  monophos- 
phate (cAMP);  cAMP  then  triggers  a  sequence  of 
intracellular  events  that  ultimately  produces  relax- 
ation of  airway  smooth  muscle  (Fig.  1  ).73' 

Endogenous  VIP  is  a  highly  potent  airway 
smooth  muscle  relaxant;  however,  inhaled  VIP  has 
little  efficacy  as  a  bronchodilator  and  exhibits  mini- 
mal protective  effects  against  histamine-induced 
bronchoconstriction  when  compared  to  /?2-adreno- 
ceptor  agonists.10  The  absence  of  a  bronchodilating 
effect  from  inhaled  VIP  may  be  due  either  to  enzy- 
matic breakdown  of  the  peptide  or  to  its  inability 
(because  of  its  relatively  large  size)  to  gain  access  to 
its  receptors  in  airway  smooth  muscle.  Some  inves- 
tigators have  suggested  that  a  defect  or  disturbance 
in  the  NANC  system  might  provide  an  explanation 
for  the  hyperreactive  airways  of  asthma  and  chronic 
bronchitis  due  to  the  loss  of  control  of  normal 
smooth  muscle  tone.3  5 

Parasympathetic  (Cholinergic) 
Nervous  System 

Structure  &  Function  in  the  Airways 

The  predominant  neural  control  of  bronchomotor 
tone  and  submucosal  gland  secretion  is  through  the 
vagally  mediated  pathways  of  the  parasympathetic 


Noradrenergic 


Adrenergic 


Cholinergic 


Fig.  1.  Physiologic  and  pharmacologic 
control  of  bronchomotor  tone. 


Bronchial  Smooth  Muscle 
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nervous  system.1211  When  stimulated,  the  vagal  ef- 
ferent nerves  release  the  neurotransmitter  acetyl- 
choline from  the  presynaptic  nerve  terminals.  Ace- 
tylcholine diffuses  across  the  synaptic  cleft  and 
binds  to  the  muscarinic  (cholinergic)  receptors  lo- 
cated in  or  adjacent  to  the  respiratory  epithelium, 
submucosal  glands,  mast  cells,  and  airway  smooth 
muscle.1214  Autoradiographic  mapping  of  mus- 
carinic receptors  has  demonstrated  a  high  density  of 
these  receptors  in  the  smooth  muscle  of  large  cen- 
tral airways.14'15  The  density  of  these  receptors  de- 
creases as  the  airways  become  smaller;  thus,  both 
proximal  and  distal  bronchioles  are  nearly  devoid  of 
receptors.  After  attachment  of  acetylcholine  to  the 
muscarinic  receptor,  a  series  of  enzymatic  reactions 
is  initiated  in  which  guanyl  cyclase  catalyzes  the 
conversion  of  guanosine  triphosphate  (GTP)  to 
cyclic  3',5'-guanosine  monophosphate  (cGMP).  An 
increase  in  the  level  of  intracellular  cGMP  elicits  an 
excitatory  reaction  in  the  lung,  producing  bronchial 
smooth  muscle  contraction  and  increased  bronchial 
gland  secretion  (Fig.  l).lf>-17  In  response  to  acetyl- 
choline, various  chemical  mediators  that  abide 
within  mast  and  various  inflammatory  cells  are  also 
released  (eg,  histamine,  chemotactic  factors,  and  the 
arachidonic  acid  metabolites:  the  leukotrienes, 
prostaglandins  Dt  and  Foa,  and  platelet  activating 
factor).111  These  mediators  initiate  the  inflammatory 
response  in  the  lung — smooth  muscle  spasm,  mucus 
secretion,  and  mucosal  edema. 

Antimuscarinic  Agents  (Anticholinergics, 
or  Parasympatholytics) 

Antimuscarinic  agents  competitively  inhibit  acet- 
ylcholine from  binding  to  the  muscarinic  receptor 
(Fig.  2), 18  which,  in  turn,  produces  a  parasympathet- 
ic (vagal)  blockade.13  This  action  results  in  bron- 
chodilation  and  a  decrease  in  the  production  of 
tracheobronchial  secretions.  Results  of  several  clin- 
ical trials  indicate  that  the  major  site  of  bronchodila- 
tor  action  for  inhaled  antimuscarinic  agents  is  in  the 
large  central  airways.1927 

The  rationale  for  administering  antimuscarinic 
agents  to  patients  with  airflow  obstruction  is  based 
on  two  primary  postulates:2**  ( 1 )  cholinergic  media- 
tion of  bronchospasm  is  considered  a  primary 
mechanism  of  airflow  obstruction  in  some  patients 


Acetylcholine  release 
from  presynaptic  neuron 


Competition  between  acetylcholine 
and  atropine  for  the  same  site 
on  the  muscarinic  receptor 


Fig.  2.  Graphic  presentation  of  competitive  inhibition  by 
atropine.  (From  Reference  18,  with  permission.) 

and  (2)  airflow  obstruction  can  be  inhibited  and/or 
reversed  pharmacologically  with  antimuscarinic 
agents. 

Atropine,  the  prototypic  antimuscarinic  agent,  is 
a  tertiary  ammonium  alkaloid  commonly  used  as 
the  sulfate  salt.  The  plasma  half-life  is  2-3  hours  and 
the  drug  is  eliminated  by  hepatic  metabolism.  Fol- 
lowing an  aerosol  dose,  onset  of  action  usually  oc- 
curs within  15  minutes  and  peak  effects  in  60-120 
minutes.  The  duration  of  action  of  atropine  sulfate  is 
3-5  hours  depending  on  the  dose  administered.29-30 
Following  administration,  atropine  is  widely  dis- 
tributed in  the  body  and  may  elicit  systemic  side  ef- 
fects.31 As  the  dosage  of  atropine  is  increased,  im- 
portant adverse  effects  may  result,  including  tachy- 
cardia, urinary  retention,  transient  headache,  visual 
blurring,  mental  confusion,  depressed  ciliary  trans- 
port, and  depressed  mucociliary  clearance.23'29-3134 
The  optimal  effective  aerosol  dose  of  atropine  sul- 
fate with  the  least  side  effects  has  been  reported  to 
be  0.025  mg/kg  in  adults29  and  0.05  mg/kg  in  chil- 
dren with  airways  obstruction.30  At  these  therapeu- 
tic doses,  dryness  of  the  mouth  is  the  most  common 
side  effect. 

Atropine  methonitrate  (methylnitrate  quaternary 
salt  of  atropine)  has  properties  similar  to  those  of  at- 
ropine sulfate  with  two  notable  exceptions:  It  is 
twice  as  potent  as  atropine  and  has  a  longer  duration 
of  activity.35  A  2-mg  dose  of  atropine  methonitrate 
in  combination  with  fenoterol  (0.4  mg)  produces  an 
increase  in  FEVi  in  asthmatic  patients  similar  to 
that  produced  by  4  mg  of  atropine  sulfate  in  combi- 
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nation  with  0.4-mg  fenoterol.  In  the  study  by  Allen 
and  Campbell,35  the  response  to  the  atropine 
methonitrate  combination  also  produced  a  signifi- 
cant increase  in  the  FEVi  for  6  hours,  whereas  the 
increase  in  the  FEV]  with  the  atropine  sulfate  com- 
bination was  4  hours.  The  recommended  therapeu- 
tic dose  of  atropine  methonitrate  is  1 .5  mg.36'37  At 
this  dose,  onset  of  action  occurs  between  15  and  30 
minutes  and  peak  effects  between  1  and  2  hours, 
with  a  duration  of  activity  of  4-6  hours.3537  Atro- 
pine methonitrate  does  not  cross  the  blood-brain 
barrier;  therefore,  systemic  side  effects  are  minimal, 
even  with  an  inadvertent  overdose.38  Atropine 
methonitrate  is  popular  in  Europe  where  it  is  also 
known  as  methylatropine  nitrate. 

Glycopyrrolate  is  a  semisynthetic  quaternary  am- 
monium compound  that  has  an  onset  of  action  of 
15-30  minutes.  A  therapeutic  dose  of  1.0  mg  pro- 
duces a  peak  response  within  30-60  minutes. 
Glycopyrrolate  has  a  relatively  long  duration  of  ac- 
tivity of  6-8  hours.39-40  Like  all  quaternary  ammoni- 
um salts,  glycopyrrolate  does  not  cross  the  blood- 
brain  barrier  and,  therefore,  has  minimal  cardiovas- 
cular and  central  nervous  system  side  effects  when 
compared  to  atropine.39-41  Glycopyrrolate  methyl- 
bromide  (Robinul)  is  currently  (1993)  under  study 
as  an  aerosolized  antimuscarinic  bronchodilator;  the 
injectable  solution  (0.2  mg/mL)  is  used  for  aerosol 
administration.39"41 

Ipratropium  is  a  quaternary  isopropyl  derivative 
of  atropine.  When  administered  by  inhalation,  sig- 
nificant bronchodilation  usually  occurs  within  min- 
utes.27,42"45 Ipratropium  usually  produces  50%  of  the 
maximal  bronchodilator  response  within  3  minutes, 
80%  within  30  minutes,  and  100%  at  1-2  hours.4445 
Ipratropium  does  not  cross  the  blood-brain  barrier 
as  atropine  does;  therefore,  it  is  a  relatively  safe 
bronchodilator  when  used  in  prescribed  therapeutic 
doses.46-47  Optimal  bronchodilation  is  achieved  by 
doses  of  0.04-0.08  mg  with  a  resultant  duration  of 
activity  of  4-6  hours. 2742'45-48  Side  effects  of  ipra- 
tropium are  minimal  owing  to  poor  systemic  ab- 
sorption from  the  respiratory  tract;46  dryness  of  the 
mouth  is  the  most  commonly  reported  side  effect, 
and  disturbed  vision  (after  spraying  a  part  of  the 
dose  into  the  eyes)  has  also  been  reported.49 
Ipratropium  does  not  depress  ciliary  activity, 
change  sputum  viscosity,  or  retard  mucociliary 
clearance  as  does  atropine. 45-46-50  By  inhalation. 


ipratropium  (0.04  or  0.08  mg)  is  as  effective  a  bron- 
chodilator as  atropine  (2  mg)51  with  a  30-50% 
longer  duration  of  effectiveness.46  Ipratropium  bro- 
mide (Atrovent)  is  available  for  inhalation  adminis- 
tration in  metered-dose  inhaler  (MDI)  form.  Ipra- 
tropium in  combination  with  fenoterol  (Duovent, 
Berodual)  is  available  abroad.  This  combination 
provides  for  simultaneous  administration  of  an  anti- 
muscarinic and  a  liz  agonist. 

Oxitropium  bromide,  a  quaternary  ammonium 
derivative  of  scopolamine  (hyoscine),  is  a  relatively 
new  antimuscarinic  agent  marketed  abroad  under 
the  trade  names  of  Oxivent,  Tersigat,  Ventilat,  and 
Ventox.  Oxitropium  is  less  potent  than  ipratropium 
(0.2  mg  of  oxitropium  is  equivalent  in  effectiveness 
to  0.08  mg  of  ipratropium).52  However,  oxitropium 
has  a  longer  duration  of  activity  than  ipratropium, 
producing  bronchodilation  for  as  long  as  8-10 
hours.5254  In  patients  with  chronic  bronchitis,  Peel 
and  Anderson53  found  0.4-0.6  mg  of  oxitropium  to 
be  the  optimal  dose  range,  whereas  Skorodin  and 
colleagues54  documented  an  optimal  dose  range  of 
0.1-0.4  mg.  Side  effects  reported  in  Peel  and  Ander- 
son's53 clinical  trial  with  12  patients  were  dryness  of 
mouth  (3  patients,  0.6-mg  dose),  unpleasant  taste  (4 
patients,  at  the  higher  doses),  and  headache  (2  pa- 
tients, 1  at  the  0.2-mg  dose  and  1  at  the  0.4-mg 
dose).  No  side  effects  were  reported  in  Skorodin 
and  colleagues'  study  of  14  bronchitic  patients.54 
Other  clinical  trials  have  shown  that  a  dose  of 
0.2  mg  is  optimal  for  eliciting  a  maximal  response 
and  prolonged  duration  of  activity  (up  to  10 
hours).52-55-56  Onset  of  action  of  oxitropium  varies 
from  5-15  minutes  with  peak  effects  occurring  at  1- 
2  hours.  Oxitropium  does  not  adversely  affect  mu- 
cociliary clearance,  sputum  production,  or  sputum 
viscosity.57  Table  1  summarizes  the  characteristics 
of  the  antimuscarinic  agents  discussed  in  this  sec- 
tion. 

Sympathetic  Nervous  System 

Structure  and  Function  in  the  Airways 

The  principal  nervous  pathways  in  the  airways 
are  excitatory  (the  cholinergic  system)  and  inhibi- 
tory (the  NANC  system).1,3,4  The  physiologic  sig- 
nificance of  the  sympathetic  nerves  in  regulating 
bronchomotor  tone  has  not  been  clearly  defined. 
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Table  1 .    Aerosol  Antimuscarinic  Agents 


Drug 

Preparations 

Dosages 

Onset  (min) 

Peak  (min) 

Duration  (h) 

Atropine  sulfate 

Solution:  0.5%  (5  mg/mL) 
Solution:  0.2%  (2  mg/mL) 

0.025  mg/kg  tid. 
qid  (adult):  0.05 
mg/kg  tid.  qid  (child) 

15 

60-120 

3-5 

Atropine  methonitrate 

Solution:  0.5%  (5  mg/mL) 

1.5  mg  tid.  qid 

15-30 

60-120 

4-6 

Glycopyrrolate 
(Robinul) 

Solution:  0.02%  (0.2  mg/mL) 
(injectable  solution) 

1  mg  tid,  qid 

15-30 

30-60 

6-8 

Ipratropium  bromide 
(Atrovent) 

MDI:  0.018  mg/spray 
MDI:  0.02  mg/spray 
Solution:  0.025%  (0.25 
mg/mL) 

2  puffs  tid,  qid;  up 
to  4  puffs  tid,  qid 
0.25-0.5  mg  q  4-6  h 

3-15 

60-120 

4-6 

Oxitropium  bromide 
(Oxivent.  Tersigat, 
Ventilat,  Ventox) 

MDI:  0.1  mg/spray 

2  puffs  bid,  tid 

5-15 

60-120 

8-10 

Sympathetic  innervation  is  essentially  nonexistent 
in  airway  smooth  muscle,3-58  yet  the  sympathetic 
system  innervates  the  ganglia  of  both  sympathetic 
and  parasympathetic  systems,  submucosal  glands, 
and  vascular  smooth  muscle.58-59  Some  investigators 
suggest  that  the  sympathetic  neural  system  indirect- 
ly influences  bronchomotor  tone  through  interaction 
with  parasympathetic  pathways  at  the  ganglionic 
level  and/or  by  causing  the  release  of  norepineph- 
rine.1-4 

Autoradiographic  studies  have  shown  that  the 
airways  are  well  populated  with  #2  adrenoceptors, 
with  a  high  density  of  these  receptors  in  the  smaller, 
peripheral  airways.15-60  #2  adrenoceptors  have  also 
been  found  in  airway  epithelium,  alveolar  walls, 
vascular  smooth  muscle,  and  submucosal  glands.60 
Endogenous  catecholamines  (the  presynaptic  neu- 
rotransmitter norepinephrine  or  epinephrine  secret- 
ed by  the  adrenal  medulla)  or  exogenous  #2  agonists 
(drugs)  have  the  ability  to  stimulate  and  activate  the 
/?2  adrenoceptors.1617  The  sequence  of  events  that 
occurs  when  Bj  adrenoceptors  are  stimulated  is  sim- 
ilar to  that  occurring  with  VIP  receptor  stimulation: 
Adenyl  cyclase  is  activated  and  then  catalyzes  the 
conversion  of  adenosine  triphosphate  (ATP)  to 
cyclic  3',5'-adenosine  monophosphate  (cAMP).  As 
mentioned  previously,  it  is  the  level  of  intracellular 
cAMP  that  is  responsible  for  the  relaxation  of  air- 
way smooth  muscle  (Fig.  1). 


Autoradiographic  studies  have  also  determined 
the  presence  of  #1  and  a  adrenoceptors  in  the 
lung.15-60  #2  and  B]  adrenoceptors  coexist  in  an  ap- 
proximate ratio  of  3:1  in  bronchial  submucosal 
glands  and  alveolar  walls,  whereas  only  #2  adreno- 
ceptors are  found  in  large  and  small  airways,  airway 
epithelium,  and  vascular  smooth  muscle.60  The  im- 
portance of  the  presence  of  B\  adrenoceptors  in  the 
lung  remains  to  be  determined.  Numerous  a  adre- 
noceptors are  found  in  small  bronchioles  but  are  rel- 
atively sparse  in  large  airways.15  a  adrenoceptor 
stimulation  produces  vasoconstriction,  bronchocon- 
striction,  and  increases  in  glandular  secretions.13-61 
Treatment  of  asthmatic  patients  with  a  adrenoceptor 
blocking  agents  to  counteract  the  bronchoconstric- 
tive  effects  of  the  a  adrenoceptor  is  not  usually  ther- 
apeutically effective.62 

/^-Adrenoceptor  Agonists 
(Sympathomimetics) 

Knowledge  of  the  value  of  adrenergic  or  sympa- 
thomimetic therapy  for  the  treatment  of  reversible 
bronchospasm  dates  back  to  the  turn  of  the  century 
when  Solis-Cohen63  used  desiccated  adrenal  glands 
to  treat  asthma.  #2  agonists  are  potent  bronchodila- 
tors,  and  this  bronchodilation  represents  the  main 
therapeutic  effect  of  lh  drugs.64-65  Secondary  benefi- 
cial actions  are  also  noted  with  these  agents:  They 
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inhibit  antigen-induced  release  of  mast  cell  media- 
tors,66-67 reduce  vascular  permeability,'18  and  en- 
hance the  mucociliary  transport  of  respiratory  secre- 
tions.'19 Increasing  evidence  exists  that  fl^-adreno- 
ceptor-mediated  bronchodilation  requires  penetra- 
tion of  the  aerosol  into  the  smaller,  peripheral  air- 

ways_l9.2().22.70.71 

Epinephrine,  the  forerunner  of  all  the  sympath- 
omimetic bronchodilators,  has  been  utilized  in 
aerosol  form  since  the  early  1900s.  /^-agonist  ad- 
ministration by  inhalation  is  commonly  preferred 
because  onset  of  action  is  very  rapid  (generally 
noted  within  5-15  minutes);  inhalation  delivers  the 
drug  directly  to  the  desired  site  of  action,  the  air- 
ways; systemic  side  effects  are  minimal  when  these 
agents  are  administered  in  prescribed  therapeutic 
doses;  and  administration  by  inhalation  requires 
much  smaller  doses  to  achieve  a  desired  therapeutic 
response.72  The  primary  disadvantage  of  the  inhaled 
route  is  that  in  patients  who  are  not  mechanically 
ventilated  a  great  deal  of  cooperation  is  required  to 
deliver  the  drug  adequately  to  the  smaller,  peripher- 
al airways  where  the  largest  numbers  of  /Jt  adreno- 
ceptors are  located. 15-60-73  In  patients  with  severe 
bronchospasm,  mucus  plugging,  or  lobar  consolida- 
tion, the  drug  may  not  be  deposited  distal  to  the  ob- 
struction. In  some  cases,  such  as  patients  with  se- 
vere bronchospasm,  much  larger  doses  may  be  re- 
quired to  achieve  satisfactory  results.74  Another 
consideration  is  that  a  high  percentage  of  each  drug 
dose  commonly  gets  trapped  in  the  upper  airways  or 
is  swallowed.  Approximately  9-11%  of  a  dose  from 
an  MDI  and  a  mean  of  12%  (range  3.9-18.3%)  of  a 
dose  administered  by  nebulization  is  retained  within 
the  lungs.75'7*1 

Three  classes  of  sympathomimetic  bronchodila- 
tors are  available  for  aerosol  administration  in  the 
United  States:  catecholamines,  resorcinols,  and  sali- 
genins.64-65 

The  catecholamine  class  of  aerosol  bronchodila- 
tors includes  epinephrine  and  the  synthetic  deriva- 
tives: isoproterenol,  isoetharine,  rimiterol.  and  hex- 
oprenaline.  Rimiterol  (Pulmadil)  and  hexoprenaline 
(Ipradol)  are  available  abroad.  Epinephrine,  isopro- 
terenol, and  isoetharine  were  the  only  approved  B- 
adrenergic  aerosol  bronchodilators  for  many  years 
until  several  analogues  (catecholamine  derivatives) 
became  available  and  were  approved  for  use  in  the 
United  States.64  Epinephrine  is  a  highly  potent  stim- 


ulator of  a  and  B  adrenoceptors.  Isoproterenol  has 
equal  affinity  for  both  B  subtypes,  whereas  isoetha- 
rine preferentially  stimulates  />';>  adrenoceptors  with 
little  or  no  action  on  a  adrenoceptors.'14 

Although  effective  and  potent  (isoproterenol  is 
ranked  highest  in  potency  as  a  B  stimulant),  the 
catecholamine  class  of  bronchodilators  has  two  pri- 
mary disadvantages  for  use  in  patients  with  airflow 
obstruction.  First,  the  catecholamines  are  severely 
limited  in  their  duration  of  effectiveness  ( 1-3  hours 
at  most),  being  rapidly  metabolized  by  the  cyto- 
plasmic enzyme  catechol-O-methyltransferase 
(COMT).64-65  Second,  the  catecholamines  elicit  un- 
desirable dose-dependent  side  effects  because  of 
their  ability  to  also  stimulate  the  a  and/or  B\  adreno- 
ceptors.72 7771)  Adverse  reactions  noted  with  these 
drugs  include  palpitations,  tachycardia,  increased 
blood  pressure,  skeletal  muscle  tremor,  headache, 
dizziness,  irritability,  anxiety,  insomnia,  nausea,  and 
worsening  of  the  match  of  ventilation  and  perfusion 
within  the  lung  (V/Q  mismatch)  with  consequent 
decrease  in  Pao:  (noted  with  isoproterenol  adminis- 
tration8"Xl).  Metabolic  derangements  such  as  hy- 
pokalemia have  also  been  noted  with  these  agents, 
as  well  as  with  the  newer  /^-selective  agonists.  A 
primary  concern  in  this  reaction  is  hypokalemia-in- 
duced  dysrhythmias.82"84 

Bitolterol.  a  sympathomimetic  bronchodilator  ap- 
proved for  clinical  application  in  the  United  States, 
differs  from  the  previous  agents  mentioned  in  that  it 
is  converted  to  its  active  catecholamine  compound, 
colterol,  in  the  body.85-86  The  process  of  hydrolysis 
is  slow,  gradually  releasing  the  active  catechola- 
mine. By  this  mechanism,  a  sustained  duration  (up 
to  8  hours)  results.  Once  fully  activated,  colterol 
may  be  metabolized  by  COMT.  Bitolterol  is  noted 
to  have  fewer  cardiovascular  side  effects  compared 
to  the  other  sympathomimetics  of  the  catecholamine 
class.85-86 

The  recommended  doses,  onset  of  action,  peak 
effects,  and  duration  of  activity  of  the  catechola- 
mines are  summarized  in  Table  2. 

Since  the  mid-1960s  the  direction  of  develop- 
ment of  sympathomimetic  bronchodilators  has  been 
toward  safe,  /^-specific,  longer-acting  agents.  Dis- 
tinctions between  the  various  Bj  agonists  are  based 
on  differences  in  chemistry  and  on  selectivity  for 
the  fii  adrenoceptor  over  the  B\  adrenoceptor.  Mod- 
ification of  the  primary  catechol  nucleus  has  result- 
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Table  2.  Aerosol  BetarAdrenoceptor  Agonists* 


Drug 


Preparations 


Dosages 


Onset  (min)  Peak(min)  Duration  fh) 


Catecholamines: 

Epinephrine 
(Asthmahaler,  Bronitin 
Mist,  Bronkaid  Mist, 
Primatene  Mist, 
Medihaler-Epi,  Adrenalin) 

Isoproterenol 
(Isuprel.  Vapo-Iso, 
Medihaler-Iso) 


MDI:  0.16, 0.2, 0.27 

mg/spray 
Solution:  l%(10mg/mL) 


MDI:  0.08,  0.1 1.0.12, 
0. 1 3  mg/spray 

Solution:  l%(10mg/mL) 
0.5%  (5  mg/mL 
0.25%  (2.5  mg/mL) 


Pirbuterol  (Maxair) 
Carbuterol  (Bronsecur) 

Newer  Agents: 

Procaterol  (Pro-Air) 

Salmeterol 
(Serevent) 

Formoterol 


0.1%  (1  mg/mL) 
0.083%  (0.83  mg/mUt 


1  -2  puffs  qid 
2.5-5.0  mg  qid 

1-2  puffs  qid 
1.25-2.5  mg  qid 


Isoetharine 

MDI:  0.34  mg/spray 

1-2  puffs  qid 

(Bronkometer,  Bronkosol) 

Solution:  1%  (10  mg/mL) 
0.5%  (5  mg/mL) 

2.5-5.0  mg  qid 

Bitolterol 

MDI:  0.37  mg/spray 

2-3  puffs  q  4-6  h; 

(Tornalate) 

or  2  puffs  q  8  h 

Resorcinols: 

Metaproterenol 

MDI:  0.65  mg/spray 

2-3  puffs  q  4  h 

(Alupent.  Metaprel) 

Solution:  5%  (50  mg/mL) 

0.3mL(15mg) 

0.6%  (6  mg/mL)t 

q  3-4  h 

Terbutaline 

MDI:  0.2,  0.25  mg/spray 

2  puffs  q  4-6  h 

(Brethaire,  Brethine, 

Solution:  1%  (10  mg/mL) 

5-10  mgq  4-6  h 

Bricanyl) 

Fenoterol 

MDI:  0.1,  0.2  mg/spray 

1  -2  puffs  bid,  tid 

(Berotec) 

Solution:  0.5%  (5  mg/mL) 

0.5-1.25  mg  qid 

Saligenins: 

Albuterol,  Salbutamol 

MDI:  0.09,0.1  mg/spray 

2  puffs  q  4-6  h 

(Proventil,  Ventolin) 

Solution:  0.5%  (5  mg/mL) 

2.5  mg  q4-6  h 

2-5 


1-6 


3-4 


5-30 


<15 


5-20 


5-30 


15-60 


30-60 


30-60 


30-60 


30-60 


30-60 


0.5-2 


1-3 


5-8 


3-4 


3-6 


3-6 


3-6 


MDI:  0.2  mg/spray 

1-2  puffs  q  4-6  h 

5 

30-60 

3-5 

MDI:  0.1  mg/spray 

l-2puffsq3h 

5-10 

60 

3-4 

MDI:  0.01  mg/spray 

2  puffs  tid 

2-5 

30-60 

6-8 

MDI:  0.025  mg/spray 

2  puffs  bid,  up 
to  4  puffs  bid 

13-18 

180-240 

12-18 

MDI:  0.006  mg/spray 


puffs  bid 


60-180 


^Solutions  for  nebulization  are  concentrated  and  must  be  diluted  with  sterile  sodium  chloride  0.9%  solution  prior  to  administration. 
tPackaged  as  a  unit  dose — requires  no  dilution  prior  to  administration. 
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ed  in  the  /^-specific  resorcinol  and  saligenin  groups 
of  sympathomimetic  bronchodilators.  An  added 
benefit  with  these  bronchodilators  is  their  longer 
duration  of  activity.  Because  they  lack  a  catechol 
nucleus  they  are  not  vulnerable  to  COMT. 

The  resorcinol  class  of  sympathomimetic  bron- 
chodilators includes  metaproterenol,  terbutaline, 
and  fenoterol.  Metaproterenol,  reported  for  the 
treatment  of  asthma  in  the  early  1960s,  was  the  first 
resorcinol  derivative  marketed.  Terbutaline  and  fe- 
noterol then  followed.  Fenoterol  is  not  commercial- 
ly available  in  the  United  States,  whereas  metapro- 
terenol and  terbutaline  are.  Terbutaline  and  fenote- 
rol are  about  equally  potent.878''  As  mentioned, 
resorcinols  are  resistant  to  metabolism  by  COMT 
and  thus  have  a  relatively  longer  duration  of  action 
(3-6  hours)  compared  to  the  catecholamines.  Fe- 
noterol and  terbutaline  are  more  highly  B2  selective, 
with  a  longer  duration  of  activity  than  metapro- 
terenol.9092 Although  fenoterol  is  a  highly  effective 
#2  agonist,  concerns  regarding  fenoterol's  margin  of 
safety  have  been  raised.  Recent  studies  have  linked 
the  regular  and  long-term  use  of  fenoterol  with  an 
increased  risk  of  death  or  near-death  in  asthmatic 
patients.93-94  In  addition,  fenoterol  has  been  shown 
to  cause  more  adverse  cardiac  effects  and  a  greater 
reduction  in  plasma  potassium  concentration  than 
albuterol,  terbutaline,  or  isoproterenol.82-95  The  rec- 
ommended dose  of  fenoterol  has  been  revised  in  the 
current  issue  of  the  British  National  Formulary.913 
Patients  are  strongly  cautioned  not  to  exceed  their 
prescribed  dose.  The  pharmacologic  aspects  of  the 
resorcinol  class  of  sympathomimetics  are  summa- 
rized in  Table  2. 

Albuterol  (salbutamol  in  Europe),  pirbuterol,  and 
carbuterol  are  sympathomimetic  bronchodilators  of 
the  saligenin  class.  B2  specificity,  minimal  cardiac 
effects,  and  a  long  duration  of  activity  are  noted  fea- 
tures of  this  class  of  drugs.  Onset  of  action  of  al- 
buterol is  noted  to  occur  within  15  minutes  and  peak 
effect  in  30-60  minutes;  the  duration  of  effective- 
ness is  up  to  6  hours.7779-97-98  Inhaled  pirbuterol  has 
an  onset  of  activity  within  5  minutes  and  peak  effect 
in  30-60  minutes;  the  duration  of  effectiveness  is  up 
to  5  hours.99100  Pirbuterol  is  currently  available  for 
inhalation  only  in  MDI  form,  whereas  albuterol 
is  available  both  in  MDI  form  and  as  a  solution 
for  nebulization  (Table  2).  Carbuterol,  marketed 
abroad,  has  pharmacologic  effects  similar  to  al- 


buterol but  is  less  potent  and  has  a  shorter  duration 
of  effectiveness  (approximately  4  hours).91101  For 
these  selective  #2  agonists,  the  most  common  side 
effects  are  skeletal  muscle  tremor  and  palpitations. 

Procaterol  is  a  recent  addition  to  the  /^-specific 
agents.  Currently  available  in  Canada,  procaterol 
exhibits  a  higher  potency  and  longer  duration  of  ac- 
tivity (up  to  8  hours)  than  albuterol.  Onset  of  action 
is  within  5  minutes,  and  peak  effects  occur  30-60 
minutes  after  administration.  Procaterol  is  marketed 
under  the  trade  name  of  Pro-Air.102103 

Two  highly  potent  sympathomimetic  broncho- 
dilators that  seem  to  have  a  promising  future  for  Bj- 
adrenoceptor  therapy  are  salmeterol  and  formoterol. 
Numerous  clinical  trials  have  compared  the  phar- 
macologic properties  of  salmeterol  with  those  of  al- 
buterol.104 ""  The  consensus  of  those  investigators 
is  that  salmeterol  is  a  superior  Bi  agonist  in  both  ef- 
ficacy and  duration  of  activity.  Salmeterol  produces 
a  greater  and  more  sustained  increase  in  respiratory 
function  with  a  duration  of  activity  2  to  3  times  that 
of  albuterol  (12  or  more  hours  in  most  cases).  At 
least  one  group  of  investigators105  has  come  to  refer 
to  albuterol  as  the  "short-acting"  B2  agonist,  a  term 
that  had  never  been  associated  with  albuterol  until 
the  advent  of  salmeterol.  The  salmeterol-treated 
group  of  asthmatic  patients  experienced  fewer 
symptoms  of  asthma  and  related  events  than  did  the 
albuterol-treated  group.  The  optimal  therapeutic 
dose  of  salmeterol  is  0.05  mg  twice  daily  (up  to 
0.1  mg  twice  daily  for  severe  airway  obstruc- 
tion).1041071" Smyth  and  colleagues109  indicate  that 
salmeterol  may  be  up  to  10  times  more  potent  than 
albuterol;  0.05  mg  of  salmeterol  administered  twice 
daily  may  be  as  effective  as  albuterol  0.5  mg  admin- 
istered every  4-6  hours.  The  one  drawback  to  salme- 
terol is  that  it  has  a  slower  onset  of  action  than 
albuterol.  In  Simons  and  associates'  study,108  the  in- 
crease in  FEVi  was  significantly  lower  for  salme- 
terol than  for  albuterol  for  the  first  one-half  hour 
after  administration.  However,  from  3-12  hours 
after  administration,  salmeterol's  response  greatly 
exceeded  that  of  albuterol.  Due  to  salmeterol's 
slower  onset  of  action,  an  unusual  characteristic  for 
a  Bi  agonist,  salmeterol  is  not  indicated  for  the  rapid 
relief  of  acute  bronchospasm.1"  Regardless  of  the 
slower  onset  of  action,  a  significantly  lower  inci- 
dence in  nocturnal  and  daytime  symptoms  in  salme- 
terol-treated asthmatics  has  been  noted;104  therefore. 
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salmeterol  is  suitable  for  stable  asthmatics  or  for 
those  who  experience  nocturnal  asthma.  Adverse 
reactions  to  salmeterol  are  infrequent  and  mild; 
tremor  and  palpitations  were  reported  in  some  of  the 
patients  who  were  administered  higher  doses.106 
Like  other  #2  agonists,  salmeterol  reduces  vascular 
permeability,  inhibits  the  release  of  mediators,  and 
enhances  mucociliary  function."2  Yet,  unlike  the 
other  Bi  agonists,  salmeterol  exhibits  this  stimulato- 
ry effect  with  a  higher  efficacy  for  up  to  12  hours. 

Formoterol  has  pharmacologic  properties  similar 
to  salmeterol.  Formoterol  also  exhibits  a  high  affini- 
ty and  selectivity  for  the  Bi  adrenoceptor  with  a  du- 
ration of  activity  in  excess  of  12  hours."3122  Twelve 
fxg  of  formoterol  is  equipotent  with  50  /xg  of  salme- 
terol."3 However,  unlike  salmeterol,  formoterol  has 
the  clinical  advantage  of  a  rapid  onset  of  action. 
Within  1  minute  after  inhalation,  formoterol  pro- 
duces a  significant  improvement  in  respiratory 
function."6"8"9  The  most  commonly  reported  side 
effect  is  tremor,  especially  noted  in  doses  higher 
than  12  /Ag."8  Studies  comparing  the  pharmacologic 
effects  of  formoterol  with  those  of  albuterol  pro- 
duced results  similar  to  results  of  studies  comparing 
salmeterol  with  albuterol.12"122  These  studies  re- 
ported that  the  formoterol-treated  patients  not  only 
had  a  sustained  improvement  in  respiratory  func- 
tion, but  also  had  less  daytime  and  nocturnal  asthma 
symptoms  than  the  albuterol-treated  patients. 

The  recent  development  of  these  new  Bi  agonists 
with  a  duration  of  action  in  excess  of  12  hours  may 
well  change  the  strategies  for  the  treatment  of 
bronchial  asthma.  These  bronchodilating  agents 
have  not  only  brought  a  new  concept  to  broncho- 
dilator  pharmacology  but  also  have  given  clinicians 
viable  alternatives  for  safe,  effective,  and  long-last- 
ing pharmacologic  manipulation  of  airway  caliber. 

Some  investigators  have  found  that  repeated  and 
frequent  dosing  with  a  Bj  agonist  leads  to  a  de- 
creased responsiveness  or  duration  of  effectiveness 
to  subsequent  doses;  the  end-result  may  be  that  the 
drug  must  be  discontinued  or  the  patient  may  need  a 
higher  dose  of  the  drug  in  order  to  elicit  the  same  ef- 
fect noted  with  the  initial  dose.9394123136  The  de- 
creased responsiveness  or  duration  of  effectiveness 
is  known  as  developing  a  tolerance  (subsensitivity) 
to  the  drug.  Rapidly  developing  tolerance  is  called 
tachyphylaxis.  Tolerance  and  tachyphylaxis  are  key 
issues  of  concern  for  many  clinicians  worldwide 


who  prescribe  #2  agonists  for  their  patients  with 
acute  or  chronic  airflow  obstruction.  Subsensitivity 
resulting  from  continuous  and  prolonged  adminis- 
tration of  /^-adrenoceptor  stimulants  is  a  hotly  de- 
bated issue.  Subsensitivity  and  other  adverse  effects 
noted  with  /^-adrenergic  therapy  (such  as  rebound 
bronchoconstriction,  cardiotoxicity,  and  hypoka- 
lemia-induced  dysrhythmias  have  been  linked  to  the 
rise  in  asthma  deaths.9395123  Several  clinical  trials 
have  documented  that  drug  tolerance  or  rebound 
bronchoconstriction  does  exist,  not  only  with  the 
catecholamine  class  of  bronchodilators123127  but 
also  with  the  more  /^-selective  agonists:  terbuta- 
Iine5i28,i29  albuterol,130132  fenoterol,9394133134  and 
salmeterol.135 -136  A  recent  clinical  trial  conducted  by 
van  Schayck  and  colleagues131  compared  the  long- 
term  effects  of  inhaled  bronchodilator  use  in  two 
groups  of  patients:  One  group  consisted  of  those  pa- 
tients who  used  albuterol  or  ipratropium  on  a  regu- 
lar basis  for  2  years,  whereas  the  other  group  con- 
sisted of  those  patients  who  for  2  years  used  the 
bronchodilators  only  when  symptomatic.  The  an- 
nual decline  in  pulmonary  function  was  greater  in 
the  group  who  used  the  bronchodilators  on  a  regular 
basis  than  in  the  group  who  used  the  bronchodila- 
tors only  as  needed. 

On  the  other  end  of  the  spectrum  are  those  clini- 
cal trials  that  have  failed  to  find  that  tolerance 
or  tachyphylaxis  develops  in  response  to  long- 
term,  continuous  /^-adrenoceptor  therapy,  espe- 
cially with  the  newer  and  improved  #2  ago- 
nists  104,105.110,114.117.120.137-144  The  conclusions  stated 

from  some  investigators  are  (1)  that  the  loss  of  an 
effective  response  is  not  due  to  tolerance  to  the  Bj 
agonist  but  may  be  due  to  obstruction  from  airway 
inflammation  as  the  disease  becomes  more  severe, 
and  (2)  that  effective  /^-agonist  therapy  may  mask 
increased  severity  of  the  disease.65107120  Some 
maintain  that  should  tolerance  develop,  it  is  mild,  of 
minimal  clinical  relevance,  and  transitory  in  that  the 
response  to  the  B2  agonist  reverts  back  to  its  usual 
level  after  treatment  with  corticosteroids  or  after 
discontinuance  of  the  adrenergic  drug  for  a  few  days 
to  a  few  weeks."1130  Within  1  hour  after  intravenous 
administration  of  corticosteroids,  /^-adrenoceptor 
responsiveness  can  be  re-established,  and  concur- 
rent corticosteroid  therapy  (oral  or  inhaled)  with  B%- 
adrenoceptor  therapy  may  reduce  the  risk  for  the  de- 
velopment of  tolerance.111120128144145  Although  a 
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change  in  B2  agonist  has  also  been  suggested  should 
tolerance  occur,  if  tolerance  has  developed  in  the 
administration  of  one  jSt  agonist,  it  may  well  occur 
with  all  Bz  drugs — in  general  or  of  that  particular 
class  with  which  the  patient  has  been  treated 
(■'cross-tolerance").126129146  A  rare  effect  of  inhaled 
catecholamines  (specifically  isoproterenol)  is  the 
paradoxic  bronchoconstrictor  response147148  ob- 
served in  some  patients  with  status  asthmaticus.149 
Tolerance  should  not  be  mistakenly  blamed  for  this 
occurrence. 

Because  of  the  controversy  surrounding  the  long- 
term,  continuous  use  of  /^-agonist  therapy,  some 
clinicians  advise  that  #2-agonist  therapy  be  used 
only  on  an  as-needed  basis  for  symptom  re- 
lief.9394131 The  reader  is  encouraged  to  read  the  de- 
bate between  Ziment150  and  Skorodin151  concerning 
/?2-agonist  tolerance,  rebound  bronchoconstriction, 
and  tachyphylaxis. 

COMPARATIVE  BRONCHODILATOR  STUDIES 

Many  clinical  trials  have  compared  the  efficacy 
of  various  antimuscarinic  agents  to  various  #2  ago- 
nists. The  studies  summarized  in  Figures  31H155-162 
and  4155.157,161.163-167  an(j  discussed  further  in  this 
paper  meet  several  specific  criteria:  They  compared 
the  effects  of  inhaling  the  antimuscarinic  agent  ipra- 
tropium bromide  alone  with  the  effects  of  inhaling  a 
newer  second-  or  third-generation  B2  agonist  alone, 
and  compared  those  effects  with  the  effects  of  inhal- 
ing the  two  agents  in  combination.  In  the  studies  se- 
lected, the  type  of  airflow  obstruction  was  clearly 
documented  as  a  clinical  diagnosis  (many  diagnoses 
were  based  on  the  criteria  set  by  the  American 
Thoracic  Society  [1987],152  the  Medical  Research 
Council  criteria  for  chronic  obstructive  bronchitis 
[1965],153  and/or  the  criteria  set  by  the  Ciba  Guest 
Symposium  [1959]154). 

Analysis  of  Comparative  Trials  of 
Patients  with  Asthma 

The  results  of  the  9  studies  shown  in  Figure  3 
demonstrate  that  the  Bi  agonist  is  a  superior  bron- 
chodilator  with  mean  improvement  of  33%  (15- 
71%  range)  above  pretreatment  baseline  FEV)  or 
PEFR  when  compared  with  the  antimuscarinic 
agent  with  mean  improvement  of  21%  (10-36% 


range)  above  baseline,  in  the  asthmatic  patient.  An 
exception  is  noted  in  the  study  of  Storms  and  col- 
leagues,168 a  multicenter  90-day  trial  of  144  stable 
asthmatics.  The  results  of  this  study  suggest  that 
both  aerosols  are  equally  effective  bronchodilators. 
Throughout  the  entire  90-day  study,  metaproterenol 
maintained  a  faster  onset  of  action  than  ipratropium, 
but  ipratropium  produced  a  longer  duration  of  effec- 
tiveness. This  study  was  not  included  in  Figure  3 
because  the  investigators  did  not  administer  combi- 
nation therapy,  yet  it  is  important  because  it  was  a 
long-term  trial  of  a  large  patient  population. 

An  overview  of  this  group  of  studies  suggests 
that  when  ipratropium  and  a  /?2  agonist  are  given  to- 
gether by  inhalation,  the  bronchodilator  effect  is  ad- 
ditive in  the  asthmatic  patient.  Some  investigators 
have  noted  that  there  may  be  an  even  higher  effica- 
cy of  combination  therapy  with  ipratropium  and  a  #2 
agonist  in  the  acutely  ill  patient,  whereas  others 
maintain  that  the  severity  of  airflow  obstruction 
does  not  affect  the  bronchodilator  response.  In 
Rebuck  and  associates'  study  of  148  acutely  ill  asth- 
matic patients,161  those  patients  admitted  to  the 
emergency  room  with  severe  airflow  obstruction,  as 
demonstrated  by  a  prebronchodilator  FEVj  <  1  L, 
responded  with  a  more  marked  improvement  to 
combination  therapy  than  did  those  patients  present- 
ing with  a  baseline  FEV|  >  1  L.  O'Driscoll  and  col- 
leagues169 also  noted  that  those  in  greatest  need  re- 
spond with  a  higher  degree  of  improvement  to  com- 
bination therapy  utilizing  ipratropium  and  a  #2 
agonist.  In  this  study,  those  patients  with  a  peak  ex- 
piratory flowrate  <  140  L/min  gained  the  maximum 
benefit  from  combined  therapy.  On  the  other  hand, 
Higgins  and  associates170  found  no  relationship  be- 
tween the  degree  of  airway  obstruction  and  the 
combined  bronchodilator  response  in  patients  with 
acute  severe  asthma.  The  results  of  this  study  reveal 
that  the  Bi  agonist  administered  alone  provided  the 
maximum  peak  response.  Although  the  overall 
maximal  bronchodilator  response  did  not  improve 
with  combination  therapy,  peak  expiratory  flow- 
rates  after  2  hours  of  administration  were  higher  in 
the  combined  therapy  group  than  those  in  the  group 
treated  only  with  salbutamol. 

Comparative  analysis  of  stable  versus  acute  asth- 
matic patients  receiving  ipratropium  in  combination 
with  a  #2  agonist  suggests  that  both  types  of  patients 
benefit  from  the  greater  efficacy  and/or  duration 
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75%  — 
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%  change  in  mean  FEV,.  Petrie  &  Pal- 
mer (1975);155  double-blind,  placebo-con- 
trol; n  =  8,  stable  asthma.  Ipratropium  = 
0.04  mg;  salbutamol  =  0.2  mg. 


I         F        l+F 

%  predicted  maximum  increase  in 
FEV,.  Bryant  (1985);156  double-blind;  n 
=  28,  acute  asthma.  Ipratropium  =  0.5 
mg;  fenoterol  =  1.0  mg. 


75%  — 

25%  — 

I         S       l+S 

%  change  in  mean  FEVi.  Lightbody  et 
al  (1978);'57  single-blind,  crossover;  n  = 
11,  stable  asthma.  Ipratropium  =  0.04 
mg;  salbutamol  =  0.2  mg. 


75%  — 

25%  — 

I        S       l+S 

%  change  in  mean  PEFR.  Ward  et  al 
(1 981  );158  double-blind,  crossover;  n  = 
22,  acute  asthma.  Ipratropium  =  0.5  mg; 
salbutamol  =  10  mg. 


I        S       l+S 

%  change  in  mean  PEFR.  Leahy  et  al 
(1983);159  uncontrolled;  n  =  12,  acute  as- 
thma. Ipratropium  =  1.0  mg;  salbutamol 
=  5.0  mg. 


I         F        l+F 

%  change  in  mean  FEV,.  Elwood  & 
Abboud  (1982);160  double-blind,  place- 
bo-control; n  =  10,  stable  asthma.  Ipra- 
tropium =  0.04  mg;  fenoterol  =  0.2  mg;  I 
(0.04  mg)  +  F  (0.1  mg). 


I         F        l+F 

Increase  in  mean  FEV,  in  mL.  Rebuck 
et  al  (1983);134  double-blind,  placebo- 
control,  crossover;  n  =  17,  stable  asth- 
ma. Ipratropium  =  0.04  mg;  fenoterol  = 
0.2  mg. 


I  F  l  +  F 

%  change  in  mean  FEV,.  Rebuck  et  al 
(1987);161  double-blind;  n  =  148,  acute  as- 
thma. Ipratropium  =  0.5  mg;  fenoterol  = 
1.25  mg. 


%  change  in  mean  FEV,.  Bruderman  et 
al  (1983);162  double-blind,  placebo-con- 
trol; n  =  10,  stable  asthma.  Ipratropium  = 
0.04  mg;  metaproterenol  =  1 .25  mg. 


Fig.  3.  Studies  of  comparative  trials  of  aerosolized  ipratropium  bromide  and  a  /^-adrenoceptor  agonist  in  patients  with 
asthma. 
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Palmer  (1975);155  double-blind,  placebo- 
control;  n  =  8,  stable  bronchitis.  Ipratro- 
pium =  0.04  mg;  salbutamol  =  0.2  mg. 
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%  change  in  mean  FEVt.  Lightbody  et 
al  (1978);157  single-blind,  crossover;  n  = 
10,  stable  bronchitis.  Ipratropium  =  0.04 
mg;  salbutamol  =  0.2  mg. 
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%  change  in  mean  FEVi.  Ferrer  et  al 
(1991  );163  double-blind,  placebo-con- 
trol; n  =  24,  stable  COPD.  Ipratropium 
=  0.5  mg;  fenoterol  =  5  mg. 
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%  change  in  mean  FEVi.  Douglas  et  al 
(1979);164  double-blind,  placebo-con- 
trol, crossover;  n  =  21,  stable  bronchi- 
tis. Ipratropium  =  0.08  mg;  salbutamol 
=  0.2  mg. 
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50%  -E 

I        S       l+S 

%  change  in  mean  PEFR.  Howarth  et  al 
(1982);165  uncontrolled;  n  =  12,  stable 
COPD.  Ipratropium  =  1.0  mg;  salbuta- 
mol =  5.0  mg. 
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Increase  in  mean  FEV,  in  mL.  Hughes 
et  al  (1982);166  double-blind,  placebo- 
control,  crossover;  n  =  1 2,  stable  emphys- 
ma.  Ipratropium  =  0.04  mg;  fenoterol  = 
0.4  mg. 
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%  change  in  mean  FEVV  Rebuck  et  al 
(1987);'61  double-blind;  n  =  51,  acute 
COPD.  Ipratropium  =  0.5  mg;  fenoterol  = 
1.25  mg. 
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%  change  in  mean  FEVt.  Karpel  et  al 
(1990);167a  double-blind,  crossover;  n  = 
32,  acute  COPD.  Ipratropium  =  0.054 
mg;  metaproterenol  =  1 .95  mg. 
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(1991);,67b  double-blind,  placebo-con- 
trol; n  =  30,  stable  COPD.  Ipratropium 
=  0.054  mg;  metaproterenol  =  1 .95  mg. 


Fig.  4.  Studies  of  comparative  trials  of  aerosolized  ipratropium  bromide  and  a  /^-adrenoceptor  agonist  in  patients 
rnpn 
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than  that  produced  by  either  agent  alone.  The  9  stu- 
dies listed  in  Figure  3  reveal  that  combined  therapy 
exhibits  a  41%  (26-62%  range)  overall  mean  im- 
provement above  baseline.  In  addition,  analysis  of 
the  positive  additive-effect  studies  indicates  that 
combination  therapy  has  a  mean  improvement  of 
12%  (6-18%  range)  over  the  singly  administered  #2 
agent.  While  Petrie  and  Palmer's155  and  Elwood  and 
Abboud's160  subjects  did  not  exhibit  higher  peak  re- 
sponses with  combination  therapy,  a  longer  duration 
of  activity  resulted  from  the  combined  regimen. 
Elwood  and  Abboud160  compared  the  low-to-high 
dosage  ranges  of  fenoterol  and  ipratropium;  a  com- 
bined dose  of  0. 1  -mg  fenoterol  plus  0.04  mg  of  ipra- 
tropium produces  bronchodilation  equivalent  in  ex- 
tent but  without  the  side  effects  of  a  0.2-mg  dose  of 
fenoterol.  Therefore,  lower  doses  of  each  agent, 
when  given  in  combination,  could  offer  similar  effi- 
cacy with  reduced  or  minimal  side  effects. 

Three  methods  were  utilized  in  administering  the 
combination  therapy  to  patients:  ( 1 )  ipratropium  and 
the  82  agonist  were  administered  simultaneously,  or 

(2)  ipratropium  was  given  prior  to  the  #2  agonist,  or 

(3)  the  #2  agonist  was  given  prior  to  ipratropium. 
Most  of  the  investigators  used  only  1  of  the  3  meth- 
ods, whereas  a  few  investigators  did  use  both 
Methods  2  and  3  to  determine  if  there  was  a  treat- 
ment order  difference.  The  majority  of  investigators 
who  used  both  Methods  2  and  3  in  their  studies  indi- 
cate that  the  most  effective  method  is  Method  2  in 
which  ipratropium  is  given  before  the  #2  ago- 
nist.158159162171 In  these  clinical  trials,  a  significant 
additive  and  more  prolonged  effect  resulted  when 
ipratropium  was  given  prior  to  the  #2  agonist.  When 
the  order  of  administration  was  reversed,  the  posi- 
tive additive  effect  was  either  not  as  great  or  was  not 
present.  The  study  by  Leahy  and  colleagues159  of  12 
acutely  ill  asthmatic  patients  confirms  how  impor- 
tant correct  sequencing  can  be;  in  that  study,  when 
the  62  agonist  was  administered  after  ipratropium,  a 
further  mean  increase  in  respiratory  function  of 
20%  resulted,  compared  with  a  mean  increase  of 
only  6%  when  ipratropium  followed  the  #2  agonist 
(Fig.  5).  In  addition,  the  combination  resulted  in  a 
longer  duration  of  effectiveness  when  ipratropium 
was  given  first.  Bruderman  and  associates'  study162 
of  10  stable  asthmatics  realized  similar  gains  in  the 
effectiveness  and  duration  of  activity  when  iprat- 
ropium was  given  first.  However,  unlike  the  results 


200  -1   1 


5    15       30      45       60       75       90       105     120 
Time  in  minutes 

Fig.  5.  Comparative  effects  of  sequencing  ipratopium  bro- 
mide (o— o)  with  a  /^-adrenoceptor  agonist  (•-•).  A  higher 
efficacy  is  achieved  when  the  /^-adrenoceptor  agonist 
follows  ipratropium.  (Based  on  data  from  Reference  159.) 


in  the  Leahy  et  al  study,  by  reversing  the  order  of 
drugs,  with  metaproterenol  administered  prior  to 
ipratropium,  an  additive  effect  could  not  be  pro- 
duced (Fig.  6). 
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Fig.  6.  Comparative  effects  of  sequencing  ipratropium 
bromide  (o— o)  with  a  /^-adrenoceptor  agonist  (•-•).  The 
most  effective  combination  is  achieved  when  ipratropium 
is  administered  prior  to  the  82  agonist.  (Based  on  data 
from  Reference  162.) 

The  possible  explanation  for  the  higher  effi- 
cacy and  sustained  response  that  is  generated 
when  ipratropium  is  administered  prior  to  the 
JS2  agonist  is  based  on  two  primary  postu- 
lates.20.2i.26,27,70,7i,i62,i72,i73  (j)  jnhaled  ipratropium 

dilates  larger  airways  predominantly,  whereas  in- 
haled /?2  agonists  dilate  the  smaller,  peripheral  air- 
ways (hence,  a  more  favorable  deposition  into  the 
peripheral  airways  results  if  the  #2  agonist  is  given 
as  a  second  inhalation);  and  (2)  in  those  subjects 
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who  tend  to  have  increased  vagal  tone,  the  additive 
effect  of  a  Bi  agonist  may  be  obtained  only  when 
vagal  tone  is  decreased.  Antimuscarinic  agents  in- 
hibit vagal  efferent  pathways  and,  therefore,  can 
significantly  counteract  increased  vagal  influences. 
Once  this  vagal  influence  is  negated  by  administra- 
tion of  an  antimuscarinic.  the  #2  agonist  may  be  able 
to  elicit  more  effective  results.  On  the  basis  of  these 
studies,  it  seems  that  correct  sequential  administra- 
tion of  drugs  of  the  two  types  plays  a  vital  role  in 
enhancing  the  effectiveness  and  duration  of  activity. 
The  majority  of  published  trials  indicate  that  an 
additive  effect  is  achieved  when  ipratropium  and  aBj 
agonist  are  given  in  combination  to  the  asthmatic  pa- 
tient. In  addition  to  the  clinical  trials  listed  in  Figure 
3,  several  other  investigators  have  found  a  positive 
additive  effect  when  ipratropium  is  administered  in 
combination  with  a  B2  agonist.97169171174  184  How- 
ever, some  clinical  trials,  in  addition  to  those  listed 
in  Figure  3,  have  found  that  a  B2  agonist  adminis- 
tered alone  achieves  the  maximal  response  or  that 
combination  therapy  elicits  a  nonsignificant,  slight- 
ly higher  efficacy.170185188  Yet,  in  some  of  these 
studies,  a  sustained  duration  was  noted  with  com- 
bination therapy,  which  may  be  a  clinically  useful 

effect  '55, 160,170,185 

The  data  from  the  clinical  trials  comparing  the  ef- 
ficacy of  atropine  sulfate  or  atropine  methonitrate 
and  a  #2  agonist  support  these  findings  in  that  the  #2 
agonist  is  a  superior  bronchodilator  over  atropine  in 
the  asthmatic  patient.24189196  Several  investigators 
have  found  that  combination  therapy  with  atropine 
and  a  Bi  agonist  elicits  a  significantly  different 
degree  of  response,  according  to  the  type  of  patient 
being  studied.  Atropine  in  combination  with  a 
#2  agonist  in  stable  asthmatics  generally  produced 
significantly  greater  and  more  lasting  bronchodila- 
tion;3536189191197  whereas  in  acutely  ill  patients  with 
more  severe  airway  obstruction,  response  was  poor 
(ie,  effects  were  not  additive)  and  more  side  effects 
were  seen.193196  Results  in  these  studies  contrast 
with  the  clinical  trials  of  ipratropium  in  which  com- 
bination therapy  was  usually  beneficial  and  additive 
in  both  stable  and  acutely  ill  patients.  Possible  rea- 
sons for  the  conflicting  reports  may  be  that,  as  men- 
tioned previously,  ipratropium  is  a  more  effective 
bronchodilator  at  recommended  doses  and  has  few 
or  no  side  effects,  whereas  atropine's  primary  dose- 
limiting  factor  is  its  systemic  side  effects. 


Analysis  of  Comparative  Trials  of  Patients  with 
Chronic  Obstructive  Pulmonary  Disease  (COPD) 

Patients  with  an  asthmatic  component  to  their 
disease  (defined  as  reversibility  with  B2  ago- 
nists) often  have  been  excluded  from  broncho- 
dilator response  studies  conducted  on  COPD  pa- 
tients.37'48'53',63-167aJ67b-198  Yet  the  complete  exclusion 
of  these  'overlap'  patients  is  often  arbitrary  and  dif- 
ficult. Therefore,  variable  results  may  occur  in  some 
clinical  trials  because  of  the  inadvertent  inclusion  of 
some  patients  with  asthma.  If  the  asthmatic  compo- 
nent were  truly  factored  out,  it  would  then  be  ex- 
pected that  cholinergic  tone  would  predominate  as 
the  reversible  component  of  airway  obstruction  in 
COPD  patients;198  and,  as  a  result,  antimuscarinic 
agents  would  prove  to  be  the  superior  bronchodila- 
tors  in  such  patients.  The  reader  is  encouraged  to  re- 
view the  reports  of  these  studies  to  specifically  de- 
lineate the  type  of  patient  population  being  tested 
(Fig  4i55-157.161^63-167) 

An  overview  of  this  group  of  studies  suggests 
that  the  antimuscarinic  agent,  ipratropium,  is  indeed 
slightly  more  efficacious  (with  mean  improvement 
25%,  range  15-35%,  above  pretreatment  baseline 
FEVi  or  PEFR)  than  the  #2  agonist  (with  mean  im- 
provement 20%,  range  13-33%  above  baseline),  in 
patients  with  COPD.  The  differences  in  effective- 
ness between  the  two  groups  of  drugs  is  not  statisti- 
cally significant  as  it  is  in  the  asthmatic  patients. 
The  finding  in  the  group  of  emphysema  patients 
was  that  the  antimuscarinic  agent  significantly  in- 
creased the  vital  capacity  rather  than  increasing 
flow  measurements.  Hughes  and  colleagues166  sug- 
gest that  this  finding  is  associated  with  a  reduced 
functional  residual  capacity  due  to  the  decrease  in 
bronchomotor  tone  resulting  from  cholinergic  block- 
ade. In  the  emphysema  patients,  ipratropium  at- 
tained maximum  effect  at  least  as  rapidly  as  the  B2 
agonist.199-00 

Worthy  of  mention  is  the  clinical  trial  with  stable 
COPD  patients  by  Tashkin  and  colleagues.48  Al- 
though this  study  was  not  included  in  Figure  4  be- 
cause the  investigators  did  not  administer  combina- 
tion therapy,  it  has  a  three-fold  significance:  ( 1 )  it 
was  a  90-day  multicenter  study  of  261  patients,  (2) 
the  study  was  carefully  constructed  to  include  only 
patients  with  clearly  defined  COPD,  and  (3)  it  clear- 
ly established  that  ipratropium  produces  a  signifi- 
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cantly  greater  and  longer  (up  to  6  hours)  response  in 
COPD  patients  than  does  a  82  agonist.  Of  interest 
also  is  that  ipratropium  maintained  this  heightened 
response  and  increased  duration  of  bronchodilation 
over  the  Bi  agonist  for  the  entire  90-day  trial  period. 
Figure  7  summarizes  the  overall  results  on  3  sepa- 
rate occasions  during  this  study:  Day  1,  Day  45,  and 
Day  90.  Several  other  studies,42- 182'184-188-'"-204  in  ad- 
dition to  those  listed  in  Figure  4,  agree  with  the  re- 
sults noted  by  Tashkin  and  colleagues  in  that  a 
greater  magnitude  of  response  and/or  duration  of  ef- 
fectiveness was  achieved  with  ipratropium  over  a  Bj 
agonist  in  the  COPD  patient. 


c    25%  — 


I        M 
Day  1 


I        M  I        M 

Day  45  Day  90 


Fig.  7.  Comparative  response  between  ipratropium  bro- 
mide (I)  and  metaproterenol  (M)  in  patients  with  COPD. 
(Based  on  data  from  Reference  48.) 

Analysis  of  the  combination  therapy  in  these  9 
studies  discloses  a  mean  improvement  rate  over  all 
of  32%  (range  20-41%).  Six  studies  reveal  a  posi- 
tive additive  effect  with  a  mean  increase  of  12% 
(range  5-22%)  over  the  antimuscarinic  agent  admin- 
istered alone.  It  is  interesting  that  Lightbody  and 
colleagues157  found  evidence  for  summation  of  im- 
provement when  ipratropium  and  albuterol  were  ad- 
ministered together.  As  was  found  in  the  asthmatic 
patients,  combination  therapy  in  patients  with  bron- 
chitis-emphysema resulted  in  a  relatively  longer  du- 
ration of  bronchodilation  than  what  either  agent 
could  provide  alone.  The  clinical  trial  conducted  by 
Howarth  and  associates165  noted  that  the  peak  expi- 
ratory flowrate  was  still  25.5%  above  baseline  7 
hours  after  aerosols  of  the  two  drug  types  were  ad- 
ministered together. 

A  1991  clinical  trial  conducted  on  COPD  pa- 
tients with  acute  exacerbations  indicated  that,  on  the 
average,  those  patients  who  received  combination 
therapy  with  ipratropium  and  a  #1  agonist  were  dis- 


charged from  the  emergency  department  9 1  minutes 
sooner  than  the  control  group  who  received  only  a 
#2  agonist.  Further,  the  patients  who  received  com- 
bination therapy  averaged  one  less  /?2-agonist  treat- 
ment than  the  control  group.205 

The  absence  of  a  positive  additive  effect  is  no- 
ticeable in  three  studies  listed  in  Figure  4J6i.i67a.i67b 
These  studies  suggest  that  either  ipratropium  or  the 
B2  agonist  alone  produced  the  greatest  possible  re- 
sponse, and  no  additional  improvement  could  be 
achieved  with  inhalation  of  the  other  drug.  In 
Karpel's  study  of  acutely  ill  and  stable  COPD  pa- 
tients,l67al67b  ipratropium  was  the  mediator  of  maxi- 
mal response.  However,  the  differences  between 
peak  response  with  ipratropium  and  metaproterenol 
were  not  significant.  The  study  by  Rebuck  and  asso- 
ciates161 indicates  that  both  aerosols  are  equipotent 
in  eliciting  a  maximal  response  and  the  addition  of  a 
second  agent  is  of  no  practical  value.  The  study  of 
COPD  patients  by  Easton  and  associates206  found 
that  the  #2  agonist  produced  the  highest  peak  re- 
sponse and  only  a  small,  nonsignificant  gain  was 
noted  with  combination  therapy.  Unfortunately,  the 
studies  of  Karpel,  Rebuck,  and  Easton  measured 
peak  responses  for  only  180  minutes,  90  minutes, 
and  150  minutes,  respectively.  Whether  the  com- 
bined therapy  would  have  produced  a  more  sus- 
tained response  is  not  known. 

The  comparative  response  study  by  Karpel  and 
associates  is  a  two-phase  report:  The  first  phase 
studied  COPD  patients  when  in  acute  exacerba- 
tions,1673 whereas  the  second  phase  studied  those 
same  patients  when  they  were  stable. I67b  Although 
the  FEVi  was  significantly  improved  in  the  second 
phase  of  the  study  when  the  patients  were  stable,  the 
results  of  both  phases  of  treatment  indicate  that  the 
differences  in  peak  response  to  either  ipratropium  or 
metaproterenol  do  not  differ  (reported  in  Fig.  4). 
Contrary  to  the  Karpel  study  is  the  study  conducted 
by  Braun  and  colleagues204  that  shows  that 
bronchial  responsiveness  to  ipratropium  is  height- 
ened in  proportion  to  the  severity  of  airway  disease. 
Twenty-five  patients  with  moderate-to-severe  chron- 
ic bronchitis  (mean  FEVi  34%  of  predicted)  partici- 
pated in  this  study.  Ipratropium  (36  /i.g),  albuterol 
(200  /xg),  or  placebo  was  administered  in  a  random 
fashion.  Not  only  was  the  improvement  in  respirato- 
ry function  significant  after  the  administration  of 
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ipratropium  but  also  duration  of  bronchodilation 
was  greater  than  with  albuterol.  In  addition,  those 
subjects  with  a  lower  prebronchodilator  FEV;  and  a 
greater  pack-year  smoking  history  responded  to 
ipratropium  with  a  more  marked  improvement. 

Several  comparative  response  trials  with  atropine 
sulfate  or  atropine  methonitrate  and  a  #2  agonist  in 
patients  with  COPD  indicate  that  atropine  is  as  ef- 
fective24-207'208 and  frequently  more  effective  than 
the  B2  agonist.23,37,198,209  Some  investigators  found 
that  those  patients  with  moderate-to-severe  airways 
obstruction  achieved  a  higher  peak  response  to  atro- 
pine than  did  those  with  less  severe  obstruction.198 

PRECIPITATORS  OF  BRONCHOSPASM 

The  importance  of  the  data  presented  in  Figures  3 
and  4  can  be  clarified  when  one  reviews  the  precipi- 
tators of  bronchospasm  in  patients  with  airflow  ob- 
struction. Structural  narrowing,  loss  of  elastic  re- 
coil, and  fibrotic  distortion,  combined  with  a  degree 
of  vagal  bronchomotor  tone,  are  seen  in  the  airways 
of  patients  with  chronic  obstructive  pulmonary  dis- 
ease. Loss  of  elastic  recoil  and  fibrotic  distortion  are 
irreversible,  whereas  other  components  of  airway 
obstruction  in  patients  with  COPD  are  potentially 
reversible — mucus  obstruction,  airway  inflamma- 
tion, and  bronchial  smooth  muscle  contrac- 
tion.37'198-2'"  Although  patients  with  COPD  general- 
ly do  not  have  a  significant  reversible  component  to 
their  airway  obstruction,  many  patients  in  this  group 
exhibit  at  least  a  10-20%  improvement  in  their 
flowrates  as  seen  in  Figure  4.  As  also  can  be  noted 
in  Figure  4,  the  antimuscarinic  agent  ipratropium 
bromide  produced  equivalent  and,  in  some  cases, 
greater  bronchodilation  than  the  Bi  agent.  Many 
investigators  believe  that  vagal  tone  is  the  major 
reversible  element  of  this  disorder  and  conclude 
that  an  antimuscarinic  agent  should  be  first-line 
therapy.23-28-37-198-210 

The  airways  of  asthmatic  patients  are  hyperre- 
sponsive  to  a  multitude  of  precipitators  of  bron- 
chospasm. Mast  cell  degranulation  with  the  resul- 
tant release  of  histamine  and  the  formation  of  other 
endogenous  mediators  of  inflammation  (serotonin, 
bradykinin,  prostaglandins,  and  leukotrienes)  play  a 
role  in  regulating  airway  caliber  in  these  pa- 
tients.13,61,66'67,211  Bj  agents  are  considered  first-line 


therapy  against  the  effects  of  these  types  of  inflam- 
matory mediators.'1"67212214  Antimuscarinic  agents 
are  relatively  ineffective  or,  at  most,  provide  limited 
protection  against  bronchospasm  induced  by  his- 
tamine, bradykinin,  serotonin,  or  prostaglandin 

C,     213-217 
r2a- 

/>2  agents  are  also  considered  first-line  therapy 
for  exercise-induced  and  cold-air-induced  bron- 
chospasm and  for  allergens  and  exogenous  irri- 
tants.189-212-218'221  However,  in  some  asthmatics,  ipra- 
tropium and  atropine  effectively  reduce  the  severity 
of  exercise-  and  cold-air-induced  bronchospasm 
when  given  prior  to  exercise  or  exposure  to  cold 
ajr  25,189.215.222-224  some  investigators  suggest  that 
combination  therapy  may  provide  more  protec- 
tion for  patients  with  moderate-to-severe  exercise- 
induced  asthma,189-224  whereas  others  maintain  that 
if  effective  control  is  not  obtained  with  convention- 
al doses  of  antimuscarinics,  larger  doses  may  be  ef- 
fective.225 McFadden  and  associates25  found  that 
either  of  two  airway  sites  are  affected  by  the  bron- 
choconstriction  brought  on  by  exercise.  Of  the  1 2 
asthmatic  patients  tested,  5  had  predominantly 
large-airway  obstruction  after  exercise,  whereas  the 
other  7  had  predominantly  small-airway  obstruction 
after  exercise.  In  the  large-airway-obstruction 
group,  antimuscarinic  therapy  totally  abolished  the 
bronchospastic  response  to  exercise,  whereas  an- 
timuscarinic therapy  in  the  small-airway-obstruc- 
tion group  was  relatively  ineffective  in  altering  the 
response  to  exercise. 

The  experimental  findings  of  several  investiga- 
tors indicate  that  antimuscarinics  reliably  protect 
against  cholinergically  mediated  (acetylcholine, 
methacholine)  bronchospasm  and  bronchospasm  in- 
duced by  certain  irritants  such  as  house  dust,  grass 
pollen,  molds,  animal  hair,  cigarette  smoke,  ozone, 
and  citric  acid.213-215'217'226  Some  studies  also  in- 
dicate that  patients  whose  asthma  is  brought  on  by 
psychogenic  factors  respond  more  favorably  to 
antimuscarinic  therapy  than  to  #2  agonist  thera- 

py.227-229 

/J-blocking  agents  can  precipitate  severe  bron- 
chospasm in  asthmatic  patients  by  blocking  B- 
adrenergic  opposition  to  parasympathetic  tone.230232 
Antimuscarinic  agents  provide  a  moderate  degree  of 
protection  by  preventing  and  reversing  such  bron- 
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chospasm,  whereas  the  #2  agonists  are  less  effec- 

tive  2 16.23 1-233 

Ullah  and  associates176  found  that  asthmatics  40 
years  of  age  or  younger  responded  better  to  the  #2 
agonist  than  to  the  antimuscarinic  agent,  whereas 
asthmatics  older  than  40  years  responded  better  to 
the  antimuscarinic  agent.  The  authors  conclude  that 
^-adrenergic  responsiveness  declines  with  age. 
However,  the  clinical  trial  conducted  by  Kradjan 
and  colleagues234  found  albuterol  and  ipratropium 
effective  bronchodilators  in  both  young  and  older 
asthmatics.  Although  albuterol  resulted  in  a  higher 
peak  response,  the  response  was  of  the  same  magni- 
tude in  both  age  groups.  The  authors  concluded  that 
jS-adrenergic  responsiveness  does  not  decline  with 
age.  Table  3  lists  precipitators  of  bronchospasm 
with  the  bronchodilator  found  to  be  most  effective 
in  reversing  the  obstruction. 

SUMMARY 

/^-adrenergic  agonists  and  antimuscarinic  agents 
are  both  highly  effective  bronchodilators  in  the 
treatment  of  reversible  airway  obstruction.  On  the 


basis  of  the  available  evidence,  #2  agonists  have 
greater  efficacy  in  the  treatment  of  asthma,  whereas 
COPD  patients  generally  benefit  more  from  an- 
timuscarinic agents.  For  the  management  of  acute 
bronchospasm,  the  #2  agonist  is  preferred  because 
of  its  rapid  onset  of  action. 

Many  of  the  studies  presented  re-emphasize  the 
heterogeneity  of  airway  responses  to  all  stimuli  and 
suggest  that  prophylaxis  be  directed  at  peripheral  as 
well  as  large  central  airways.  In  many  patients  with 
airflow  obstruction,  the  use  of  an  antimuscarinic 
with  a  #2  agonist  increases  the  efficacy  and  duration 
of  response  and/or  lowers  the  incidence  of  side  ef- 
fects. The  additional  bronchodilation  achieved  by 
combination  therapy  may  be  related  to  differences 
in  the  pharmacologic  properties  of  each  drug  type  or 
to  differences  in  receptor  sites  within  the  airways. 
Because  of  these  differences  in  action,  the  effects  of 
the  two  drugs  may  be  additive. 

When  combination  therapy  is  used,  the  sequence 
of  administration  may  affect  the  response.  In  many 
cases,  a  greater  efficacy  and  more  prolonged  effect 
is  achieved  when  the  antimuscarinic  agent  is  admin- 
istered prior  to  the  #2  agonist. 


Table  3.    Summary  of  Precipitators  of  Bronchospasm  and  Efficacy  of  Inhaled  Bronchodilators 


Bronchoconstricting  Stimulus 


Antimuscarinic  Agents 


jSi- Adrenoceptor  Agents 


Asthma 

Cholinergic  agents 
(acetylcholine,  methacholine) 

Beta-blockers 

Allergens-irritants 


Fully  effective 


Effective  reversal 


Moderately  effective 
(studies  vary  from  none  to  excellent) 


Less  effective 

Less  effective 
Very  effective 


Exercise-induced,  cold  air 


Various  mediators 
(histamine,  serotonin,  bradykinin, 
prostaglandin  F20J 

Emotional  (psychogenic)  factors 


Moderately  effective 
(more  so  in  large  doses  or 
if  given  prior  to  exercise) 

Limited  effectiveness 
(partially  protective  at  most) 


Very  effective 


Very  effective 


Moderate  to  very  effective 


Less  effective 


Chronic  Obstructive  Disease: 

Bronchitis 
Emphysema 


Moderately  effective 
Moderately  effective 


Moderately  effective 
Less  effective 
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Whatever  bronchodilator  regimen  is  chosen  for 
the  patient,  optimal  therapy  can  be  defined  as  maxi- 
mum efficacy  with  minimal  adverse  effects.  In  all 
situations,  it  must  be  remembered  that  patients  are 
individuals  and  require  a  regimen  tailored  to  their 
individual  needs. 
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Chairman:  Arthur S.  Slutsky,  M.D.,  F.C.C.P. 

(Chest  1993;  104:1833-59) 


A/C  =  assist-control  ventilation;  APRV  =  airway  pressure  release 
ventilation;  ARDS  =  adult  (or  acute)  respirator)'  distress  syndrome; 
auto-PEEP  =  increase  (above  set  PEEP  level)  in  end-exhalation 
alveolar  pressure  (also  termed  dynamic  hyperinflation,  intrinsic 
PEEP,  also  quantified  as  Vee);  BPF  =  bronchopleural  fistula;  Cac>2 
=  content  of  oxygen  in  arterial  blood;  CMV  =  conventional  me- 
chanical ventilation;  CPAP  =  continuous  positive  airway  pressure; 
DH  =  dynamic  hyperinflation  (see  auto-PEEP);  Do2  =  oxygen  deliv- 
ery; ECMO  =  extracorporeal  membrane  oxygenation;  ECCO2R  = 
extracorporeal  CO2  removal;  ET  =  endotracheal;  F102  =  fractional 
concentration  of  inspired  oxygen;  FRC  =  functional  residual  ca- 
pacity; HFJV  =  high-frequency  jet  ventilation;  HFV  =  high-frequen- 
cy ventilation;  ICP  =  intracranial  pressure;  1:E  =  inspiratory-expira- 
tory  ratio;  ILV  =  independent  lung  ventilation;  IMV  =  intermittent 
mandatory  ventilation;  IRV  =  inverse  ratio  ventilation;  FVOX  =  in- 
travascular blood  gas  exchanger;  LFPPV  =  low  frequency  positive 
pressure  ventilation;  LV  =  left  ventricle;  MalvP  =  mean  alveolar 
pressure;  MAP  =  mean  airway  pressure;  MMV  =  mandatory  minute 
ventilation;  OAD  =  obstructive  airways  disease;  PAP  =  peak  airway 
pressure,  pulmonary  artery  pressure;  Paw  =  airway  pressure; 
PCIRV  =  pressure-controlled  inverse  ratio  ventilation;  PEEP  =  pos- 
itive end-expiratory  pressure;  PIP  =  peak  inspiratory  pressure; 
Pmus  =  pressure  generated  by  muscle  contraction;  Ppl  =  pleural 
pressure;  PPV  =  positive  pressure  ventilation;  PS  =  pressure  sup- 
port; PSV  =  pressure  support  ventilation;  Ptot  =  total  distending 
pressure;  P-V  =  pressure-volume;  RA  =  right  atrium;  RV  =  right 
ventricle,  residual  volume;  Sao2  =  oxygen  percent  saturation  (arte- 
rial); SIMV  =  synchronized  intermittent  mandatory  ventilation;  T| 
=  inspiratory  time;  TLC  =  total  lung  capacity;  VC  -  vital  capacity; 
Vcoz  =  CO2  production  (elimination);  Vd  =  dead  space;  Ve  = 
minute  ventilation;  Vee  =  end-expiratory  lung  volume;  Vfj  =  end-in- 
spiratory  lung  volume;  V/Q  =  ventilation/perfusion  ratio;  Vt  = 
tidal  volume;  V02  =  oxygen  consumption  (uptake). 


"But  that  life  may  ...be  restored  to  the  animal,  an  opening  must  be  attempted  in  the 
trunk  of  the  trachea,  in  which  a  tube  of  reed  or  tune  should  be  put;  you  will  then  blow 
into  this,  so  that  the  lung  mas  nse  again  and  the  animal  take  in  air.  ...  And  as  I  do 
this,  and  take  care  that  the  lung  is  inflated  in  intervals,  the  motion  of  the  heart  and 
arteries  does  not  stop  ..."' 

Andreas  Wesele  Ye.salius,  1543 

®American  College  of  Chest  Physicians'  Consensus  Conference, 
Northbrook,  Illinois,  January  28-30,  1993.  Co-sponsored  by  the  American 
Association  for  Respiratory  Care,  the  Society  of  Critical  Care  Medicine, 
and  the  European  Society  of  Intensive  Care  Medicine. 

Participants: 

Arthur  S.  Slutsky.  XI. D..  F.C.C.P. — Chairman:  Toronto,  Ontario,  Canada; 
Laurent  Brochard,  M.D..  Creteil,  France;  R.  Phillip  Dellmgei.  M.D.,  F.C.C.P., 
Columbia.  Mo; John  B.  Downs,  M.D.,  Tampa,  Fla;  T.James  Callagher,  M.D., 
F.C.C.P.,  Gainesville,  Fla;  Luciano  Gattinoni,  M.D..  Milan,  Italy;  Keith 
Hickling,  M.D.,  Otago,  New  Zealand;  Robert  M.  Kacmarek.  Ph.D.,  R.R.T., 
Boston.  Mass;  Neil  Machityre,  M.D..  F.C.C.P..  Durham.  NC;  John  J.  Marini, 
M.D..  F.C.C.P.,  St.  Paul.  Minn;  Alan  II.  Moms.  Mil.  F.C.C.P.,  Salt  Lake  City. 
Utah;  David  J.  Pierson,  M.D..  F.C.C.P..  Seattle.  Wa;  Jean-Jacques  Rouby,  M.D., 
Ph.D..  Paris.  France;  Martin  J.  Tohin.  Ml)..  F.C.C.P..  Chicago:  and  Magdy 
Younes.  M.D.,  Manitoba.  Canada 


Objectives  and  Specific  Recommendations 
Section  1 :  Objectives  of  Consensus  Committee 

Although  the  concept  of  artificial  respiration  was  recog- 
nized in  the  16th  century  by  Vesalius,  it  was  not  until 
the  20th  century  that  mechanical  ventilation  became  a 
widely  used  therapeutic  modality.  Over  the  past  30  years, 
and  especially  over  the  past  decade,  there  has  been  an  ex- 
plosion of  new  ventilator)'  techniques  that  present  a  bewil- 
dering array  of  alternatives  for  the  treatment  of  patients 
with  respirators'  failure.  Unfortunately,  although  the  num- 
ber of  options  available  to  the  clinician  has  appeared  to  in- 
crease exponentially,  well-controlled  clinical  trials  defin- 
ing the  specific  role  for  each  of  these  modes  of  ventilation 
and  comparing  them  to  other  modes  of  ventilation  have 
not  been  forthcoming.  In  addition,  over  the  past  few  years 
our  understanding  of  the  detrimental  as  well  as  beneficial 
effects  of  mechanical  ventilation  has  increased,  along  with 
novel  strategies  for  limiting  these  negative  effects. 

These  issues  formed  the  impetus  for  the  consensus  con- 
ference described  in  this  document;  the  conference  was 
held  in  Chicago  on  January  28-30,  1993.  The  consensus 
committee  was  international  in  scope  (Europe,  North 
America,  New  Zealand)  and  consisted  of  individuals  from 
a  broad  range  of  backgrounds  (anesthesia,  critical  care, 
pulmonary,  respiratory  therapy).  The  purpose  of  the  con- 
ference was  to  summarize  key  concepts  related  to  mechan- 
ical ventilation  and  to  present  recommendations  based  on 
these  concepts  for  clinicians  applying  mechanical  ventila- 
tion in  the  adult  ICU  setting.  Due  to  the  lack  of  random- 
ized clinical  studies  on  most  aspects  of  ventilatory  care,  the 
underlying  theme  of  this  document  is  a  physiologic  one, 
the  basic  tenet  being  that  if  the  clinician  understands  the 
physiologic  principles,  he  or  she  can  apply  mechanical 
ventilation  at  the  bedside  in  a  rational  manner.  We  recog- 
nize that  rational  application  of  mechanical  ventilation 
does  not,  in  and  of  itself,  guarantee  the  therapy  will  be 
beneficial  to  the  patient.  We  ayvait  randomized  clinical- 
trial  results  for  ultimate  guidance. 


Reprints  of  this  document  are  available  from  the  ACCP,  3300  Dundee 
Road,  Northlrrook,  IL  60062.  Include  payment  of  $10,  whit  It  in- 
eludes  skipping  anil  handling.  For  credit  card  payment,  phone  Stiti- 
343-ACCP. 
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The  purpose  of  the  consensus  conference  was  not  to 
deal  with  every  possible  aspect  of  mechanical  ventilation. 
Rather,  the  focus  was  on  treatment  of  patients  with  acute 
ventilatory  failure  and  the  principles  of  ventilation  after  (he 
decision  to  initiate  mechanical  ventilation  has  been  made. 
The  technical  needs  and  medical  issues  of  ventilatory  sup- 
port in  non-ICU  settings  were  not  dealt  with  specifically  bv 
this  conference.  These  issues  include  ventilatory  support 
during  anesthesia  and  surgery;  patient  treatment  during 
intrahospital,  land,  or  air  transport;  and  long-term  me- 
chanical ventilation  in  the  home.  Also  not  covered  were 
noninvasive  (nonintubated)  ventilatory  support,  negative 
pressure  ventilation,  and  methods  and  devices  for  respira- 
tory support  not  primarily  applied  to  the  lungs,  such  as  ex- 
tracorporeal membrane  oxygenation  (ECMO),  extracor- 
poreal carbon  dioxide  removal  (ECCO^R),  or  intravascu- 
lar blood  gas  exchanger  (IVOX).  This  conference  focused 
on  the  clinical  application  of  mechanical  ventilators, 
rather  than  on  their  design  and  operation.  Thus,  the  par- 
ticipants consider  these  proceedings  to  be  complementary 
to  those  of  the  1992  AARC  Consensus  Conference  on  the 
Essentials  of  Mechanical  Ventilators.2 

Despite  the  multidisciplinary  and  international  compo- 
sition of  the  conference,  we  were  able  to  reach  agreement 
on  many  difficult  clinical  issues.  Yet  even  though  we  en- 
gaged in  considerable  discussion  and  debate,  consensus 
was  not  possible  on  a  number  of  aspects  of  ventilator  care. 
This  is  hardly  surprising  and  merely  reflects  the  variety  of 
acceptable  approaches  that  can  be  used  to  treat  patients 
with  respiratory  failure.  For  example,  it  was  not  possible  to 
agree  that  there  was  an  optimum  mode  of  ventilation  for 
any  disease  state  or  an  optimum  method  of  weaning  pa- 
tients from  mechanical  ventilation.  However,  in  addition 
to  the  specific  recommendations  discussed  in  Section  2, 
there  was  general  agreement  on  the  following  principles 
that  should  guide  the  use  of  mechanical  ventilation: 

1.  The  underlying  pathophysiology  of  various  disease 
states  varies  with  time,  and  thus  the  mode,  settings,  and  in- 
tensity of  ventilation  should  be  reassessed  repeatedly. 

2.  Mechanical  ventilation  is  associated  with  a  number  of 
adverse  consequences,  and,  as  such,  measures  to  minimize 
such  complications  should  be  implemented  wherever  pos- 
sible. 

3.  To  minimize  side  effects,  the  physiologic  targets  do 
not  have  to  be  in  the  normal  range.  For  example,  at  times 
it  may  be  beneficial  to  allow  the  Paco-j  to  increase  (con- 
trolled hypoventilation,  permissive  hypercapnia)  rather 
than  risk  the  dangers  of  lung  hyperinflation. 

4.  Alveolar  overdistention  can  cause  alveolar  damage  or 
air  leaks  (barotrauma).  Hence,  maneuvers  to  prevent  the 
development  of  excess  alveolar  (or  transpulmonary)  pres- 
sure should  be  instituted  if  necessary.  While  recognizing 
that  the  causes  of  ventilator-induced  lung  injury  are  multi- 
factorial, the  consensus  committee  generally  believed  that 
end-inspirator)'  occlusion  pressure  {ie,  plateau  pressure) 
was  the  best,  clinically  applicable  estimate  of  average  peak 
alveolar  pressure,  and,  thus,  was  the  most  important  target 
pressure  when   trying  to  avoid  alveolar  overdistention. 


Many  individuals  on  the  consensus  committee  believed 
that  high  plateau  pressures  (>35  cm  H9O)  may  be  more 
harmful  in  most  patients  than  high  values  of  Fio2. 

5.  Dynamic  hyperinflation  (DH)  (gas  trapping,  auto- 
PEEP,  intrinsic  PEEP)  often  goes  unnoticed  and  should 
be  measured  or  estimated,  especially  in  patients  with  air- 
way obstruction.  Management  should  be  directed  toward 
limiting  the  development  of  DH  and  its  adverse  conse- 
quences in  these  patients. 

This  consensus  document  is  divided  into  two  major  sec- 
tions: part  1  summarizes  the  objectives  and  specific  recom- 
mendations of  the  consensus  committee;  part  2  reviews 
key  principles  regarding  physiology,  complications,  and 
modes  of  ventilation  that  form  the  basis  for  the  recom- 
mendations. 

Section  2:  Objectives  of  Mechanical 
ventilation 

Mechanical  ventilation  and  continuous  positive  airway 
pressure  (CPAP)  are  methods  of  supporting  intubated  pa- 
tients during  illness,  and  are  not,  in  and  of  themselves,  cu- 
rative or  therapeutic.  Indeed,  in  certain  clinical  settings, 
there  may  be  effective  alternative  therapies  that  do  not  re- 
quire intubation  and  mechanical  ventilation.  The  funda- 
mental objectives  for  ventilatory  support  in  acutely  ill  pa- 
tients may  be  viewed  physiologically  and  clinically,  as  de- 
tailed below.  The  following  objectives  should  be  kept  in 
mind,  not  only  when  mechanical  ventilation  is  initiated, 
but  also  at  frequent  intervals  during  the  period  of  support: 
mechanical  ventilation  should  be  withdrawn  whenever  the 
underlying  pathophysiologic  rationale  for  initiating  me- 
chanical ventilation  is  no  longer  present. 

A.  Physiologic  Objectives 

I.  To  Support  or  Otherwise  Manipulate  Pulmonary  Gas 
Exchange: 

(i)  Alveolar  Ventilation  (eg,  ArterialPcoz  find  pH). 

In  most  applications  of  ventilatory  support,  the  objec- 
tive is  to  normalize  alveolar  ventilation.  In  certain  specific 
clinical  circumstances,  the  objective  may  be  to  achieve  an 
alveolar  ventilation  greater  than  normal  (as  in  deliberate 
hyperventilation  to  reduce  intracranial  pressure  [ICP]). 
or  adequate  but  less  than  normal  (as  in  permissive  hyper- 
capnia or  acute-on-chronic  ventilatory  failure). 

(ii)  Arterial  Oxygenation  (eg,  P„i>.,,  S„o.,,  and  ('■„(>■.). 

A  critical  objective  of  mechanical  ventilation  is  to 
achieve  and  maintain  a  level  of  arterial  blood  oxygenation 
that  is  acceptable  for  the  clinical  setting,  using  an  inspired 
oxygen  concentration  that  is  also  acceptable.  In  most  ap- 
plications of  ventilatory  support,  this  means  an  Sl() ,  >  90'i 
(roughly  equivalent  to  a  P-,o.,  >  60  mm  Hg  assuming  a  nor- 
mal position  of  the  oxyhemoglobin  dissociation  curve),  al- 
though other  end  points  are  appropriate  in  certain  set- 
tings. There  is  no  clinical  evidence  that  a  P.,<>  ■  greater  than 
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normal  is  advantageous.  Given  other  techniques  for  im- 
proving oxygenation,  this  objective  would  seldom  be  the 
only  reason  for  initiating  mechanical  ventilation.  Because 
arterial  oxygen  content  is  determined  by  hemoglobin  as 
well  as  PaOL"  alld  because  systemic  oxygen  delivery  is  direct- 
ly related  to  cardiac  output  (Qj),  as  well  as  content  of  ox- 
ygen in  arterial  blood  (Co.,),  these  factors  must  also  be 
considered  in  therapy  aimed  at  improving  tissue  oxygena- 
tion. 

2.  To  Increase  Lung  Volume: 

(i)  End  Inspiratory  Lung  Inflation. 

To  achieve  sufficient  lung  expansion,  with  every  breath 
(or  intermittently),  to  prevent  or  treat  atelectasis  and  its  at- 
tendant effects  on  oxygenation,  compliance,  and  lung  de- 
fense mechanisms. 

(ii)  Functional  Residual  Capacity  (FRC). 

To  achieve  and  maintain  an  increased  FRC  using  PEEP 
in  settings  in  which  a  reduction  in  FRC  may  be  detrimental 
(eg,  decreased  PaOL»  increased  lung  injury)  as  in  ARDS  and 
postoperative  pain. 

3.  To  Reduce  or  Otherwise  Manipulate  the  Work  of 
Breathing: 

(i)  To  Unload  the  Ventilatory  Muscles. 

To  reduce  the  patient's  work  of  breathing  when  it  is  in- 
creased by  elevated  airway  resistance  or  reduced  compli- 
ance and  the  patient's  spontaneous  efforts  are  ineffective 
or  incapable  of  being  sustained.  In  these  situations,  venti- 
latory support  will  be  used  until  specific  therapies  (or 
other  mechanisms)  reverse  the  condition  leading  to  the 
increased  work  load. 

B.   Clinical  Objectives 

Because,  at  best,  mechanical  ventilation  serves  only  to 
support  the  failing  respiratory  system  until  improvement 
in  its  function  can  occur  (either  spontaneously  or  as  a  re- 
sult of  other  interventions),  a  primary  objective  should  be 
to  avoid  iatrogenic  lung  injury  and  other  complications. 

The  other  primary  clinical  objectives  of  mechanical  ven- 
tilation are  as  follows: 

1 .  To  Reverse  Hypoxemia:  To  increase  Pao2  (generally 
such  that  SaOs  -90  percent),  whether  through  increasing 
alveolar  ventilation,  increasing  lung  volume,  decreasing 
Oo  consumption,  or  other  measures,  to  relieve  potentially 
life-  or  tissue-threatening  hypoxia. 

2.  To  Reverse  Acute  Respiratory  Acidosis:  To  correct  an 
immediately  "life-threatening"  acidemia,  rather  than  nec- 
essarily to  achieve  a  normal  arterial  Pen  .. 

8.  To  Reliei'e  Respiratory  Distress:  To  relieve  intolerable 
patient  discomfort  while  the  primary  disease  process  re- 
verses or  improves. 

There  are  well-defined  circumstances  in  which  attempts 
to  improve  PaoL.  or  pH  to  their  normal  ranges  would  pre- 


sent greater  overall  risks  to  the  patient,  and  lower  values  of 
these  parameters  may  be  appropriate  in  such  circum- 
stances. In  addition  to  the  main  clinical  objectives  listed 
above,  other  specific  goals  for  mechanical  ventilation,  in 
appropriate  settings,  include  the  following: 

4.  To  Prevent  or  Reverse  Atelectasis:  To  avoid  or  correct 
the  adverse  clinical  effects  of  incomplete  lung  inflation,  as. 
for  example,  in  postoperative  splinting  or  neuromuscular 
disease. 

5.  To  Reverse  Ventilatory  Muscle  Fatigue:  In  most  in- 
stances, this  means  unloading  the  ventilatory  muscles  in 
circumstances  of  acutely  increased  and  intolerable  loads. 

6.  To  Permit  Sedation  and/or  Neuromuscular  Blockade: 
To  allow  the  patient  to  be  rendered  incapable  of  sponta- 
neous ventilation,  as  for  operative  anesthesia  and  certain 
ICU  procedures  and  in  certain  disease  states. 

7.  To  Decrease  Systemic  or  Myocardial  Oxygen  Consump- 
tion: To  lower  systemic  and/or  myocardial  oxygen  con- 
sumption (V02)  when  the  work  of  breathing  or  other  mus- 
cular activity  impairs  systemic  Oj  delivery  or  produces  an 
overload  of  the  compromised  heart.  Examples  include  car- 
diogenic shock  or  severe  ARDS. 

8.  To  Reduce  Intracranial  Pressure  (ICP):  In  certain  cir- 
cumstances (eg,  acute  closed  head  injury),  to  lower  elevat- 
ed ICP  through  controlled  hyperventilation. 

9.  To  Stabilize  the  Chest  Wall:  In  the  unusual  circum- 
stance of  loss  of  thoracic  integrity  sufficient  to  prevent  ade- 
quate bellows  function  (eg,  chest  wall  resection,  massive 
flail  chest),  to  provide  adequate  ventilation  and  lung  ex- 
pansion. 

Section  3:  Clinical  Recommendations 

A.  Mechanical  Ventilation  for  Specific  Entities 

Adult  Respiratory  Distress  Syndrome  (ARDS):  Although 
it  has  been  argued  that  patients  with  ARDS  are  now  more 
severely  ill  than  those  encountered  in  the  past,  the  failure 
of  ARDS  mortality  to  decrease  during  the  past  15  to  20 
years  is  disappointing,  particularly  in  light  of  the  many 
technical  advances  in  ICU  care.  Criteria  that  selected  a 
severely  hypoxemic  subset  of  patients  with  ARDS  were  es- 
tablished in  the  1974  to  1977  ECMO  clinical  trial.  Recent 
work  indicates  that  the  average  survival  of  such  patients 
with  severe  ARDS  treated  with  conventional  mechanical 
ventilation  only  ranges  from  0  percent  to  15  percent 
(mean  =  12.8  +  5.2  percent) .'This  is  not  statistically  signifi- 
cantly different  from  the  ECMO  clinical  trial  survival  of  9 
percent  (p  =  0.15).  Recent  changes  in  ventilatory  manage- 
ment may  have  led  to  increased  patient  survival,  but  to  our 
knowledge,  this  has  not  been  evaluated  with  controlled 
clinical  trials.** 

There  are  no  convincing  data  indicating  that  any  venti- 
latory support  mode  is  superior  to  others  for  patients  with 
ARDS.  Nevertheless,  reported  increases  in  ARDS  patient 
survival  have  been  ascribed  to  new  techniques  such  as  pres- 
sure-controlled inverse  ratio  ventilation  (PCIRV)  and  low- 
frequency  positive   pressure  ventilation-extracorporeal 
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C02  removal  (LFPPV-ECCOoR).  If  they  are  harbingers  of 
new  and  effective  therapv,  their  putative  benefit  may  be 
linked  to  current  concern  about  iatrogenic  lung  damage 
induced  by  mechanical  ventilation.  Animal  studies  have 
clearly  established  the  damaging  effects  of  overdistention 
produced  by  the  application  of  high  peak  transthoracic 
pressures  to  normal  and  injured  lungs.  In  humans,  the 
nonuniformly  injured  severe  ARDS  lung  retains  only  a 
small  fraction  of  compliant  lung  still  capable  of  gas  ex- 
change. It  has  been  argued  that  the  application  of  com- 
monly used  tidal  volumes  (0.7  L,  10  ml/kg)  to  this  small 
fraction  of  lung  may  produce  similar  damage.11  The  best 
correlate  of  this  injury  in  animals  is  the  plateau  pressure. 
Conventional  mechanical  ventilator  (CMV)  therapy  might 
thus  superimpose  iatrogenic  lung  injury.  The  "lung  rest" 
strategy  used  in  neonatal  ECMO  therapy,7  intentional  hy- 
poventilation used  in  patients  with  ARDS,4  and  reduction 
of  peak  pressures  permitted  by  PCIRV  or  by  LFPPV- 
ECCO9R8  are  consistent  with  this  argument.  There  is,  how- 
ever, no  proof  that  any  of  these  techniques  alter  the  out- 
come of  patients  with  ARDS.  A  recent  randomized  con- 
trolled clinical  trial  of  PCIRV  plus  LFPPV-ECCOaR  failed 
to  produce  evidence  of  improved  survival.1'  Of  interest  is 
the  fourfold  increase  in  survival  of  control  patients  treated 
with  mechanical  ventilation  only,  according  to  a  comput- 
erized protocol.9 
Guidelines: 

1.  The  clinician  should  choose  a  ventilator  mode  that 
has  been  shown  to  be  capable  of  supporting  oxygenation 
and  ventilation  in  patients  with  ARDS  and  that  the  clini- 
cian has  experience  in  using. 

2.  An  acceptable  Sao-j  (usually  >90  percent)  should  be 
targeted. 

3.  Based  primarily  on  animal  data,  a  plateau  pressure 
>35  cm  HoO  is  of  concern.  We,  therefore,  recommend  that 
when  plateau  pressure  equals  or  exceeds  this  pressure  that 
tidal  volume  (Vr)  can  be  decreased  (to  as  low  as  5  ml/kg, 
or  lower,  if  necessary) .  With  clinical  conditions  that  are  as- 
sociated with  decreased  chest  wall  compliance,  plateau 
pressures  somewhat  greater  than  35  cm  FUO  may  be  ac- 
ceptable. 

4.  To  accomplish  the  goal  of  limiting  plateau  pressure, 
PaCOj  should  be  permitted  to  rise  (permissive  hypercap- 
nia)  unless  the  presence  or  risk  of  raised  ICP  or  other  con- 
traindications exist  that  demand  a  more  normal  PacOs  or 
pH.  Rapid  rises  in  Paco?  should  be  avoided.  In  the  pres- 
ence of  normal  renal  function,  slow  reduction  of  tidal  vol- 
ume may  also  allow  renal-induced  compensatory  metabol- 
ic alkalosis  and  the  potential  for  a  higher  pH  at  a  given 
tidal  volume. 

5.  Positive  end-expiratory  pressure  (PEEP)  is  useful  in 
supporting  oxygenation.  An  appropriate  level  of  PEEP 
may  be  helpful  in  preventing  lung  damage.  The  level  of 
PEEP,  however,  should  be  minimized  as  PEEP  may  also  be 
associated  with  deleterious  effects.  The  level  of  PEEP  re- 
quired should  be  established  by  empirical  trial  and  reeval- 
uated on  a  regular  basis. 


6.  The  current  opinion  is  that  Fio2  should  be  minimized. 
The  trade-off,  however,  may  be  a  higher  plateau  pressure 
and  the  relative  risks  of  these  two  factors  are  not  known.  In 
some  clinical  situations  when  significant  concerns  over 
both  elevated  plateau  pressure  and  high  Fio_.  exist,  consid- 
eration for  accepting  an  Sao_.  slightly  less  than  90  percent  is 
reasonable. 

7.  When  oxygenation  is  inadequate,  sedation,  paralysis, 
and  position  change  are  possible  therapeutic  measures. 
Other  factors  in  oxygen  delivery  (ie,  £),  and  hemoglobin) 
should  also  be  considered. 

Bronchopleural  Fistula:  Bronchopleural  air  leak  (bron- 
chopleural fistula  [BPF])  occurs  during  mechanical  venti- 
lation in  two  general  circumstances:  as  a  localized  lung  or 
airway  lesion  (eg,  following  trauma  or  surgery;  complicat- 
ing central  line  placement)  and  as  a  complication  of  dif- 
fuse lung  disease  (eg,  ARDS,  Pneumocystis  carinii  pneu- 
monia). Although  most  leaks  are  physiologically  insignif- 
icant, BPF  can  predispose  to  atelectasis  or  inadequate 
inflation  of  ipsilateral  or  contralateral  lung,  interfere  with 
gas  exchange,  and  predispose  to  pleural  spread  of  infec- 
tion. It  can  also  prolong  mechanical  ventilation  thus  pre- 
disposing to  additional  morbidity.  Some  BPFs  are 
amenable  to  direct  surgical  repair  (eg,  suture  of  bronchial 
tear;  lobectomy  for  necrotizing  pneumonia),  but  in  most 
instances,  resolution  of  the  BPF  depends  on  resolution  of 
the  primary  disease  process. 

Ventilatory  support  should  provide  adequate  inflation 
for  the  uninvolved  areas  of  lung  and  assure  adequate  gas 
exchange.10  No  single  ventilatory  mode  or  approach  has 
been  shown  to  be  more  effective  than  any  other  in  treating 
patients  with  BPF.  In  the  presence  of  a  large  air  leak  and 
difficulty  in  maintaining  adequate  ventilation,  a  ventilator 
capable  of  delivering  high  inspiratory  flow  rates  and  large 
delivered  tidal  volumes  may  be  required.  Use  of  indepen- 
dent lung  ventilation  (ILV)  should  be  considered  in  the 
uncommon  circumstance  of  inability  to  maintain  contra- 
lateral lung  inflation  using  adjustments  of  volumes  and/or 
flows.  Fortunately,  ventilation  of  patients  with  BPF  is  usual- 
ly adequate.  The  major  problem  is  usually  to  facilitate  clo- 
sure of  the  leak,  so  that  mechanical  ventilator  support  may 
be  withdrawn.  In  this  circumstance,  minimizing  infla- 
tion pressures  and  tidal  volume  is  the  goal.  Chest  tube  suc- 
tion is  necessary  to  evacuate  continued  gas  leak,  but  the 
degree  of  suction  exerts  a  variable  effect  on  flow  through 
the  fistula." 
Guidelines: 

1 .  To  facilitate  closure. 

a.  Use  the  lowest  tidal  volume  that  allows  adequate  venti- 
lation. 

b.  Use  a  ventilatory  mode  and  settings  that  minimize 
peak  and  plateau  pressures  necessary  to  maintain  ade- 
quate ventilation. 

c.  Consider  permissive  hypercapnia  (discussed  under 
guidelines  3  and  4  under  ARDS)  to  minimize  inspiratory 
pressures  and  volumes. 

d.  Minimize  PEEP. 
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2.  Consider  independent  lung  ventilation  (ILV)  or  high 
frequency  jet  ventilation  (HFJV)  in  cases  where  a  large  air 
leak  produces  inability  to  inflate  lung  or  failure  to  ade- 
quately oxygenate/ventilate. 

Head  Trauma:  Mechanical  hyperventilation  to  arterial 
carbon  dioxide  levels  of  25  to  30  mm  Hg  acutely  lowers 
ICP.  Controlled  data  on  the  impact  of  hyperventilation  in 
patients  with  head  trauma  are  not  available.  Decreases  in 
ICP  do  not  necessarily  reflect  increases  in  cerebral  perfu- 
sion pressure.  Nevertheless,  hyperventilation  remains  a 
mainstay  of  emergency  therapy  for  acutely  elevated  ICP. 
There  is  no  evidence  to  support  the  application  of  prophy- 
lactic hyperventilation  in  patients  with  head  injury  who  do 
not  have  raised  ICP.1213  In  fact,  there  is  a  strong  rationale 
for  maintenance  of  normocarbia  in  most  head-injured  pa- 
tients without  elevated  ICP  because  a  patient  who  has  pro- 
phylactically  been  hyperventilated  to  a  Paco»  m  the  high 
20s  and  who  suffers  an  acute  increase  in  ICP  may  not  be 
expected  to  have  an  effective  reduction  in  ICP  following  a 
moderate  increase  in  minute  ventilation  (Ve).  Since  the 
patient  is  already  hyperventilated,  a  marked  increase  in  Ve 
may  be  required  to  effect  a  significant  lowering  of  Pac02- 
The  increase  in  mean  airway  pressure  associated  with  a 
dramatic  increase  in  Ve  may  cause  a  paradoxic  increase  in 
ICP.  Therefore,  it  is  likely  that  stable  head-injured  patients 
should  receive  mechanical  ventilatory  support  at  a  level 
sufficient  to  produce  normal  arterial  blood  gas  values. 
Effective  monitoring  should  be  instituted  to  allow  a  rapid 
increase  in  ventilation  and  oxygenation  should  signs  of  in- 
creased ICP  or  hypoxemia  occur. 

Recommendations: 

1.  In  the  presence  of  increased  ICP,  maintain  Pdco>  25 
to  30  mm  Hg  or  titrate  to  ICP  if  monitoring  of  ICP  is  avail- 
able. Monitoring  of  ICP  is  desirable. 

2.  Maintain  normocarbia  in  head-injured  patients  with 
normal  ICP. 

3.  When  hyperventilation  is  used  to  decrease  ICP,  return 
to  normocarbia  should  be  gradual  (over  24  to  48  h). 

Myocardial  Ischemia  and  Congestive  Heart  Failure:  In 
patients  with  myocardial  ischemia,  modes  of  mechanical 
ventilation  that  increase  work  of  breathing  will  increase 
oxygen  demand  and  may  detrimentally  affect  the  myocar- 
dial oxygen  supply/demand  relationship.14 Ab  Resultant 
myocardial  ischemia  may  decrease  compliance  of  the  left 
ventricle  (LV).  The  increasing  pulmonary  capillary  pres- 
sure and  decreasing  lung  compliance  create  a  vicious 
cycle,  as  resistance  and  work  of  breathing  increase  further. 
Therefore,  in  patients  with  myocardial  ischemia  and  some 
combination  of  high  lung  resistance  and/or  poor  respira- 
tory muscle  function,  spontaneous  ventilation  associated 
with  an  increase  in  the  work  of  breathing  is  likely  detri- 
mental. 

In  severe  congestive  heart  failure,  positive  pressure  ven- 
tilation (PPV)  would  be  expected  to  decrease  venous  re- 
turn. Positive  pressure  ventilation  is  likely  to  increase  Pao-j 
by  increasing  lung  volume  and  reducing  right-to-left 
shunting  (G\,/Q,).  Although  the  effect  of  PPV  on  the  nor- 


mal ventricle  would  be  to  decrease  cardiac  output  by  de- 
creasing LV  filling  (preload),  the  effect  of  PPV  on  a  dilated 
failing  LV  operating  on  the  flat  (depressed)  portion  of  the 
cardiac  function  curve  will  be  different.16,17  In  this  circum- 
stance, a  reduction  in  transmural  aortic  pressure  and  asso- 
ciated decrease  in  wall  stress  and  afterload  might  increase 
stroke  volume. 
Guidelines: 

1.  In  the  presence  of  acute  myocardial  ischemia,  choose 
modes  of  mechanical  ventilation  that  minimize  work  of 
breathing. 

2.  When  life-threatening  hypoxemia  accompanies  severe 
congestive  heart  failure,  consider  the  potentially  beneficial 
effect  of  PPV  on  decreasing  venous  return  and  improving 
oxygenation. 

3.  Consideration  should  be  given  for  assessment  of  the 
effect  of  PPV  on  hemodynamics. 

Neuromuscular  Disease:  Patients  with  ventilatoiy  failure 
due  to  neuromuscular  disease  (eg,  Guillain-Barre  syn- 
drome; cervical  spinal  cord  injury)  typically  have  normal 
ventilatory  drive  and  normal  or  nearly  normal  lung  func- 
tion.18 Because  the  primary  physiologic  defect  is  ventilato- 
ry muscle  weakness,  these  patients  are  predisposed  to  de- 
velop atelectasis  (from  inadequate  lung  inflation)  and 
pneumonia  (from  impaired  cough  and  mucociliary  clear- 
ance).1920 Their  main  needs  during  ventilatory  manage- 
ment are  provision  of  adequate  lung  inflation  and  aggres- 
sive airway  management.21  There  is  no  evidence  that  either 
PPV  or  negative  pressure  ventilation  is  superior  in  this  situ- 
ation. 

These  individuals  are  at  less  risk  for  barotrauma  than  pa- 
tients with  intrinsic  restrictive  or  obstructive  lung  disease, 
and  they  frequently  prefer  large  tidal  volumes  (eg,  12  to  15 
ml/kg).  Typically,  they  are  also  more  comfortable  with 
high  inspiratory  flow  rates.  Whether  full  or  partial  ventila- 
toiy support  should  be  provided  depends  on  the  patient's 
capabilities  and  the  disease  process:  a  patient  with  a  high 
quadriplegia  (eg,  Cl-2)  lesion  needs  full  ventilatoiy  sup- 
port whichever  mode  is  used,  whereas  partial  ventilatory 
support  may  be  appropriate  for  individuals  with  some  ven- 
tilatory capability,  particularly  during  recovery,  as  long  as 
patient  comfort  is  maintained. 
Guidelines: 

1.  Large  tidal  volumes  (12  to  15  ml/kg)  with  or  without 
PEEP  (5  to  10  cm  HgO)  may  be  needed  to  relieve  dyspnea. 
Adjust  peak  flow  rate  as  needed  to  satisfy  patient  inspira- 
tion needs  (>60  L/min  peak  inspiratory  flow  will  typicallv 
be  required). 

2.  Use  total  or  partial  ventilatory  support  based  on  the 
patient's  inherent  ventilatoiy  muscle  strength. 

Obstructive  Airways  Disease  (OAD):  Acute  respiratory 
failure  in  patients  with  asthma  and  chronic  OAD  is  associ- 
ated with  significant  expiratory  obstruction  and  hyperin- 
flation. Resistance  to  inspiration  is  likely  to  be  greater  in 
the  patient  with  asthma  because  of  airway  edema  and 
mucus.  Both  patient  groups  benefit  from  mechanical  ven- 
tilation settings  that  maximize  expiratory  time,  thus  de- 
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creasing  end-expiratory  lung  volume  (Vee).  intrinsic 
(auto)  PEEP,  and  the  risk  for  hemodynamic  compro- 
mise.-'-' With  the  same  tidal  volume,  a  higher  Vee  would 
produce  a  higher  end-inspiratory  lung  volume  (Vei)  and  a 
greater  risk  for  barotrauma.-' 

The  use  of  high  inspiratory  flow  rates  will  maximize  ex- 
piratory time  and  minimize  Vee  and  intrinsic  PEEP  (auto- 
PEEP,  dynamic  hyperinflation).  This  is  accomplished, 
however,  at  the  expense  of  higher  peak  airway  pressure 
(PAP)  in  the  central  airways.  Although  PAP  generated  by 
increasing  flow  rate  does  not  correlate  closely  with  baro- 
trauma as  well  as  plateau  pressure,  the  amount  of  central 
airway  pressure  that  is  actually  transmitted  to  the  alveolus 
(the  actual  risk  factor  for  barotrauma)  is  difficult  to  judge. 
End-inspiratory  plateau  pressure  with  volume-cycled 
breaths  rises  as  dynamic  hyperinflation  increases  and  may 
be  reflective  of  increasing  risk  of  barotrauma. 
Guidelines: 

1.  No  evidence  exists  that  one  ventilator  mode  is  better 
than  another  for  initial  management  of  OAD.  The  clini- 
cian should  choose  a  ventilator  mode  he  or  she  is  familiar 
with  and  has  used  successfully  in  this  setting. 

2.  Adjust  the  peak  inspiratory  flow  rate  to  meet  patient 
demands.-4 

3.  Monitor  for  and  minimize  dynamic  hyperinflation 
(auto-PEEP).  See  Section  4,  A-6. 

a.  It  is  desirable  to  utilize  the  least  Ve  that  produces  ac- 
ceptable gas  exchange  and  leads  to  the  greatest  expiratory 
time.  Maneuvers  likely  to  accomplish  this  goal  are  as  fol- 
lows: 

i.     Decrease  in  Ve 

ii.    Increase  in  expiratory  time 

iii.  Acceptance  of  hypercapnia 

b.  When  dynamic  hyperinflation  exists  in  the  presence 
of  patient-initiated  mechanical  ventilation,  application  of 
small  amounts  of  ventilator-applied  PEEP  may  be  helpful 
in  reducing  the  work  of  breathing  (see  Section  4,  A-6). 
Application  of  ventilator  PEEP  above  the  level  of  initial 
auto-PEEP  may  lead  to  further  hyperinflation  and  compli- 
cations. 

4.  Based  primarily  on  animal  data  and  as  discussed  in 
the  ARDS  section,  end-inspiratory  plateau  pressure  is  also 
a  concern  in  OAD,  as  it  reflects  hyperinflation.  We  believe 
that  attempts  to  maintain  plateau  pressure  less  than  35  cm 
EUO  are  worthwhile  even  though  the  impact  on  patient 
outcome  is  unknown.  In  the  acutely  ill  patient  with  OAD, 
measurement  of  plateau  pressure  usually  requires  sedation 
and  paralysis. 

5.  Use  of  volume-cycled  assist  control  ventilation  in  the 
initial  treatment  of  the  awake  patient  with  OAD  may  be  as- 
sociated with  significant  risk  of  increasing  hyperinflation 
and  should  be  avoided.'-5 

Asthma:  1.  We  believe  that  a  high  plateau  pressure  is 
predictive  of  hyperinflation  of  lung  units  in  the  patient 
with  asthma.  A  high  PAP  may  also  predict  hyperinflation. 
We  recommend  that  plateau  and  peak  pressures  be  mini- 
mized in  patients  with  asthma.  Unfortunately,  PAP  is  sig- 
nificantly influenced  by  endotracheal  (ET)  tube  size  and 
inspiratory  flows. 


2.  Accept  an  elevated  Pacoi...  as  long  as  pH  can  be  main- 
tained at  an  acceptable  level.26  - 

3.  Paralysis  and/or  sedation  may  be  necessary  in  some 
patients  if  the  ventilation  mode  cannot  be  matched  to  the 
patient's  needs  (ie,  patient  "fighting"  the  ventilator).  Fol- 
lowing paralysis  and/or  sedation,  a  decrease  in  active  expi- 
ratory effort  may  be  associated  with  less  airwav  collapse. 
The  associated  decrease  in  CO^  production  (especiallv  of 
respirator)'  muscles)  may  also  be  advantageous  in  some  cir- 
cumstances. Paralysis  is  associated  with  acute  and  long- 
term  complications. 

COPD:  1.  Mechanical  ventilation  of  COPD  patients  with 
acute  respiratory  failure  is  unlikely  to  require  high  PAP  or 
to  present  problems  with  CO9  removal.  In  the  presence  of 
high  PAP  or  difficulty  in  CO2  removal  in  patients  with 
COPD,  coexisting  abnormalities  should  be  considered 
(pneumothorax,  pulmonary  edema,  mucus  plugging,  high 
degree  of  bronchospasm). 

2.  Patients  with  chronic  respiratory  acidosis  should  have 
alveolar  ventilation  titrated  to  pH,  not  Pac02- 

Postoperative  Patients:  Few  patients  require  mechanical 
ventilatory  support  past  the  immediate  postanesthetic  pe- 
riod. However,  residual  anesthetic  effects,  usually  due  to 
narcotics  or  muscle  relaxants,  may  require  a  variable  peri- 
od of  mechanical  ventilation.  An  anesthetic-induced  de- 
crease in  FRC  potentially  coupled  with  thoracic  or  upper 
abdominal  incision  predisposes  to  atelectasis.-" -''These  pa- 
tients with  little  or  no  significant  lung  disease  may  be  opti- 
mally treated  with  relatively  little  difficulty.  The  greatest 
concern  for  the  clinician  is  to  avoid  iatrogenic  complica- 
tions of  ventilatory  support,  including  infection,  decreased 
cardiac  output,  prolonged  support  requiring  unnecessary 
sedation,  hyperventilation,  inspissated  secretions,  and  un- 
necessary exposure  to  potentially  toxic  high  concentra- 
tions of  inspired  oxygen.1""  Often,  patients  are  unneces- 
sarily ventilated  in  the  postoperative  period  because  of  the 
mistaken  belief  that  mechanical  ventilation  perseis  benefi- 
cial in  establishing  a  more  physiologic  cardiopulmonary 
status.  Thus,  patients  who  have  undergone  major  opera- 
tive procedures  involving  the  head,  thorax,  or  abdomen 
may  remain  intubated  and  ventilated  unnecessarily. 
Although  prospective  analysis  has  not  determined  whether 
such  therapy  has  a  significant  rate  of  complication,  to  our 
knowledge,  no  prospective  analysis  has  provided  evidence 
of  beneficial  effects  of  such  therapy.  Future  studies  should 
be  designed  to  determine  which,  if  any,  patients  and/or 
surgical  procedures  require  ventilatory  support  past  the 
immediate  anesthetic  emergence  period. 

Unilateral  Lung  Disease:  Patients  with  unilateral  lung 
disease  who  require  mechanical  ventilation  are  infrequent- 
ly encountered.  Therapeutic  efforts  have  included  place- 
ment of  double-lumen  tracheal  tubes  to  effect  ventilation 
of  each  lung  separately,  positional  changes  of  the  patient, 
bronchial  blockers,  pneumonectomy,  and  alteration  of  in- 
spiratory gas  flows  in  order  to  improve  overall  lung  func- 
tion. Usually,  such  maneuvers  ignore  the  effect  of  hypoxic 
pulmonary  vasoconstriction  on  the  affected  lung  and  the 
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physiologic  principles  underlying  inflation  of  the  lung  dur- 
ing PPV.  Were  it  not  for  the  restricting  effect  of  the  rib 
cage  and  diaphragm  on  lung  inflation,  the  unaffected 
lung  would  receive  the  preponderance  of  the  positive  pres- 
sure breath  and  or  increase  in  lung  volume  secondary  to 
application  of  CPAP.  However,  in  the  presence  of  an  intact 
thorax,  lung  inflation  depends  on  increase  in  transpul- 
monarv  pressure,  the  difference  between  airway  and  in- 
trapleural pressure.  The  individual  with  unilateral  lung 
disease  usually  has  a  marked  discrepancy  in  compliance 
between  the  two  lungs.  A  lung  with  marked  decrease  in 
compliance  will  receive  less  volume  for  a  given  applied  air- 
way pressure.  Therefore,  the  noncompliant  lung  will  be 
ventilated  less  than  will  the  normal,  compliant  lung. 
Should  such  patients  experience  significant  arterial  hypox- 
emia and/or  hypercarbia,  more  aggressive  means  of  venti- 
latory support  must  be  considered,  as  with  any  type  of  ad- 
vanced lung  disease.  These  might  include  ECCOoR, 
ECMO,  high-frequency  ventilation,  etc.  The  ability  of 
these  interventions  to  alter  outcome  is  not  known.  To 
date,  split-lung  ventilation32,33  with  a  double-lumen  tra- 
cheal tube'4  and  differential  application  of  positive  airway 
pressure  has  likewise  not  been  shown  to  improve  morbidi- 
ty and  mortality. 
Guidelines 

1 .  Initially  utilize  conventional  ventilation  techniques  in- 
dependent of  presence  of  unilateral  lung  disease. 

2.  In  the  presence  of  difficulties  in  oxygenation,  a  trial  of 
ventilation  with  the  least  involved  lung  in  the  dependent 
position  is  appropriate. 

3.  If  PEEP  is  applied,  initially  utilize  a  single-lumen  ET 
tube. 

4.  In  cases  of  inability  to  oxygenate  with  traditional 
PEEP  application,  ILV  with  a  double-lumen  ET  tube  may 
be  tried  (synchronization  of  ventilation  is  not  necessary). 
This  mode  of  ventilation,  however,  has  not  been  proved  to 
alter  outcome. 

B.  Discontinuation  <>j  Mechanical  Ventilation 

The  consensus  committee  agreed  there  were  many  cor- 
rect ways  to  discontinue  patients  from  mechanical  ventila- 
tion. There  are  a  number  of  basic  principles  that  are  im- 
portant in  discontinuing  ventilatory  support  and  these  are 
covered  in  Part  2  (Section  7).  Specific  recommendations 
are  given  below: 

1.  Whichever  technique  is  used  for  discontinuation  of 
ventilatory  support,  the  clinician  should  know  the  signs  of 
increasing  ventilatory  insufficiency  and  patient  distress, 
and  discontinue  or  modify  the  process  if  they  appear,  per- 
sist, or  worsen: 

(a)  Increasing  tachypnea  (eg,  beyond  a  total  rate  of  30  to 
35  breaths/min)  associated  with  patient  distress. 

(b)  Agitation,  panic,  diaphoresis,  or  tachycardia,  unre- 
lieved by  reassurance  and  adjustment  of  the  mechanical 
ventilation  system. 

(c)  Acidemia:  acute  drop  in  pH  to  <7.25  to  7.30,  associ- 
ated with  an  increasing  P.,( ,  > ... 


2.  Excessive  imposed  work  oi  breathing  from  demand 
valves  or  circuits,  as  indicated  by  substantial  de<  leases  in 
airway  pressure  dining  patient  efforts,  should  be  avoided 
during  attempts  at  discontinuation  of  ventilatory  support 
whether  using  a  T  tube  or  the  ventilatoi  circuit 

3.  If  intermittenl  mandator)  ventilation  (IMV)  is  used. 
the  rate  and  degree  of  withdrawal  ol  ventilator)  support 
should  be  guided  by  pH,  Pcos>  total  respirator)  rate,  heart 
rate,  and  signs  of  patient  distress. 

4.  If  pressure  support  ventilation  (PSV)  is  used: 

(a)  The  rate  of  reduction  ol  the  PSV  level  should  be 
guided  bv  total  respiratory  rate  rather  than  by  tidal  vol- 
ume. As  a  rule,  respiratory  rale  should  not  exceed  30 
breaths/min. 

(b)  If  a  patient  can  maintain  adequate  gas  exchange  and 
comfort  level  on  a  low  level  of  PSV  (eg;  5  cm  EUO).  il  is  not 
necessary  to  reduce  this  to  zero  before  extubation. 

5.  In  patients  in  whom  ventilatory  support  cannot  be 
withdrawn  successfully  over  a  short  period,  a  systematic  ap- 
proach should  be  taken  to  identify  and  treat  contributing 
factors,  such  as  the  following: 

(a)  Imposed  loads  in  the  apparatus  thai  increase  work  ol 
breathing  (eg,  demand  valves,  small-diameter  ET  tubes) 

(b)  Respiratory  factors  (eg,  bronchospasm,  excessive  secre- 
tions, pharmacologic  depression  of  ventilatory  drive,  per- 
sistence of  underlying  disease,  etc). 

(c)  Nonrespiratory  factors  (eg,  cardiovascular  dysfunction, 
increased  metabolic  rate,  acid-base  problems,  hypophos- 
phatemia, malnutrition,  anxiety,  etc). 

6.  In  "difficult-to-wean"  patients  in  whom  discontinua- 
tion of  ventilator)1  support  occurs  gradually  over  several 
days,  it  may  be  desirable  to  increase  the  level  of  suppoi  I  al 
night  to  enable  the  patient  to  rest  effectivelv.  as  demon- 
strated by  the  ability  to  sleep. 

7.  Successful  extubation  requires  the  ability  to  protect 
the  upper  airway  and  clear  secretions  adequately  in  addi- 
tion to  successful  discontinuation  of  ventilatory  support. 
These  factors  should  be  considered  and  addressed  both 
prior  and  subsequent  to  extubation. 

Underlying  Principles 

Section  4:  Physiologic  Principles  Relevant 

to  mechanical  ventilation 

A.  Patient-Related  Physiologic  Principles 

The  response  to  mechanical  ventilation  is  governed  In 
several  physiologic  relationships.  Two  cardinal  rules  apply: 

1.  Although  the  qualitative  response  ol  a  given  physio- 
logic variable  to  manipulation  of  ventilator  settings  ma)  be 
predictable,  the  quantitative  response  is  highl)  variable 
and  patient  specific.  Thus,  an  increase  in  PEEP  or  level  ol 
ventilation  usually  improves  P,(>.  at  a  given  F|(  > ..  However, 
the  extent  of  improvement  in  an)  given  patient  ma)  be 
large  or  small,  and  the  short-term  improvement  ma)  pro- 
duce complications  due  to  the  higher  pressures  (barotrau- 
ma). Likewise,  an  increase  in  \'Y  mav  be  expected  to  result 
in  a  lower  P,,c()o,  but  the  amount  ol  reduction  mav  be  large 
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or  small  and  must  be  balanced  against  the  potential  com- 
plications relating  to  the  increase  in  ventilatory  pressures. 

2.  A  ventilator  manipulation  designed  to  improve  one 
relation  or  variable  may  have  undesirable  effects  on  other 
equally  important  relations  or  variables.  For  example,  an 
increase  in  PEEP  may  improve  Pao_>  but  adversely  affect 
cardiac  output,  thereby  negating  the  improvement  in  Pa<>, 
at  the  tissue  level.  Likewise  an  increase  in  Ve  to  reduce 
Poo-,  may  result  in  greater  auto-PEEP  or  adverse  effects  on 
cardiac  output.  The  extent  of  negative  side  effects  of  a 
given  ventilator  manipulation  is,  again,  highly  variable  and 
patient  specific.  The  physiologic  relations  that  are  most 
important  to  consider  are  as  follows: 

1.  Ventilation  Perfusion  (V/Q  Relations):  The  Pao2  ob- 
tained at  a  given  FioL>  is  a  function  of  the  uniformity  (ho- 
mogeneity) of  distribution  of  ventilation  and  perfusion  to 
different  lung  units.  Units  with  relatively  low  ventilation 
and  high  perfusion  are  associated  with  incomplete  oxy- 
genation and,  hence,  a  low  Po2  for  a  given  Fio-,.  Units  with 
no  ventilation  at  all  but  which  continue  to  receive  perfu- 
sion contribute  to  shunting,  which  is  one  extreme  of  V/Q 
inequality. 

The  distribution  of  ventilation  among  different  units  de- 
pends on  the  following: 

(a)  Whether  the  unit  is  aerated  or  not  at  end  expiration; 
units  that  are  air  free  at  end  expiration  (due  to  atelectasis 
or  fluid  filling)  require  very  high  inspiratory  pressures  if 
they  are  to  receive  any  ventilation  at  all. 

(b)  For  aerated  units,  the  distribution  of  ventilation  is 
determined  principally  by  regional  compliance  and  resis- 
tance. Lung  disease  is  invariably  nonuniform,  and  this  is 
the  basic  reason  for  the  existence  of  serious  V/Q  mismatch- 
ing and  for  difficulty  in  oxygenation.  On  theoretical 
grounds,  when  the  regional  differences  in  mechanics  are 
principally  in  resistance,  distribution  of  ventilation  should 
become  more  uniform  with  long  inspiratory  times  (Tis) 
and  with  decelerating  flow  patterns.  Conversely,  where  the 
nonhomogeneity  involves  regional  compliances,  shorter 
Tis  and  square  flow  pattern  should  result  in  more  unifor- 
mity. Whether  equalizing  regional  ventilation  is  good  or 
bad  for  Paco:>  's  not  entirely  predictable,  since  improving 
Vg  of  a  poorly  ventilated  unit  may  or  may  not  be  beneficial, 
depending  on  the  state  of  perfusion  of  that  unit.  It  is  also 
evident  that  by  rendering  the  Ve  distribution  more  uni- 
form, some  units  (usually  the  healthy  ones)  will  receive 
less  ventilation  as  the  poorly  ventilated  units  receive  more. 
If  perfusion  is  preferentially  distributed  to  the  former, 
overall  V/Q  may  worsen  as  distribution  of  Ve  is  improved. 

The  regional  distribution  of  perfusion  is  determined 
principally  by  regional  resistances  in  blood  vessels  supply- 
ing and  draining  different  units.  Regional  resistances  are 
related  to  gravity  (dependent  units  have  lower  resistance), 
vasomotor  tone,  and  mechanical  factors  (eg,  lung  volume 
and  anatomic  narrowing).  Regional  alveolar  pressure 
(more  appropriately,  regional  transpulmonary  pressure) 
plays  a  critical  role.  When  transmitted  regional  alveolar 
pressure  is  higher  than  pulmonary  artery  pressure  (PAP), 
pel  fusion  is  arrested  (West  /one  1  ). 


For  a  given  degree  of  V/Q  mismatching  and  Fioj,  Pao:>  is 
critically  affected  by  mixed  venous  Oa  saturation  (S,o2); 
lower  venous  O2  saturation  is  associated  with  lower  Pao»; 
SvOa  'S,  in  turn,  dependent  on  cardiac  output,  metabolic 
rate,  and  hemoglobin. 

From  the  standpoint  of  oxygenation,  the  primary  bene- 
ficial effect  of  increased  distending  pressure  (PEEP  or 
greater  tidal  volume,  Vr)  is  the  recruitment  of  nonfunc- 
tional or  very  poorly  ventilated  units.  The  benefit  can  be 
enhanced  or  mitigated  through  secondarv  and  unpre- 
dictable effects  on  the  following:  (1)  the  distribution  of 
ventilation  to  other  units  (by  upward  displacement  of 
these  units  to  more  favorable  or  less  favorable  segments  of 
pressure  volume  curve);  (2)  the  distribution  of  perfusion 
(through  effects  on  the  relation  between  Palv  and  PAP  and 
on  lung  volume  [and  hence  vascular  dimensions]);  and 
(3)  on  mixed  venous  Po_>  (through  effects  on  metabolic 
rate  [less  or  more  fighting,  less  or  more  work  of  breathing] 
or  cardiac  output). 

2.  Relation  Between  Ventilation  and  Paco2-  The  relation 
between  minute  ventilation  (Ve)  and  Paco2  is: 

Paco2  =  0.863  Vco,/  [VE  ( 1  -  VD/VT)  ] 
where  Vco?  is  COa  production  in  milliliters  per  minute 
STPD,  a  reflection  of  the  metabolic  activity  of  tissues,  and 
Vd/Vj  is  equal  to  the  tidal  volume-dead  space  ratio. 

This  equation  emphasizes  the  fact  that  Paco2  is  de- 
termined by  the  relationship  between  metabolic  rate  and 
ventilation,  and  not  solely  by  the  absolute  level  of  Ve.  The 
bracketed  term  reflects  the  fact  that  not  all  breathed  gas 
(Ve)  is  useful  for  CO2  exchange;  only  the  fraction  ( 1  - 
Vn/Vr)  is  effective. 

In  normal  subjects,  much  of  the  dead  space  (Vd)  is  due 
to  the  volume  of  the  conducting  airways  (anatomic  Vd). 
Since  this  volume  changes  little  with  Vr,  Vd/Vt  tends  to 
decrease  as  Vr  increases  and  Vd/Vj  rarely  exceeds  0.3  (ie, 
30  percent  of  Vr).  In  ventilated  patients,  particularly  those 
with  intrinsic  lung  disease,  Vd/Vt  can  reach  extremely 
high  values  (eg,  0.7  to  0.8)  and  Vd  is  principally  related  to 
ventilated  but  poorlv  perfused  lung  regions  (alveolar  Vd). 
In  such  cases  Vd/Vt  need  not  decrease  with  an  increase  in 
Vr  since  the  higher  alveolar  pressure  required  to  generate 
the  larger  Vr  may  increase  alveolar  Vd  (increasing  the 
amount  of  zone  1,  see  above).  Thus,  quantitatively,  the 
change  in  PaCOs  as  Vr  is  increased  may  not  be  predictable. 
The  response  of  Pc:oj  to  changes  in  Ve  is  further  con- 
founded by  possible  effects  of  changes  in  ventilator  set- 
tings on  metabolic  rate  (see  above  equation).  Thus,  a  pa- 
tient may  become  more  relaxed  (and  hence  lower  Vcos) 
or  more  agitated  as  ventilator  settings  arc  adjusted. 
Increases  in  Vd/Vj  and  Vcos  should  be  considered  when- 
ever a  change  in  Ve  does  not  result  in  the  expected  change 
in  PaCOs  or  whenever  a  large  Ve  is  required  to  maintain  a 
reasonable  Pa<  ( > ._,. 

The  above  equation  also  emphasizes  the  effectiveness  of 
accepting  a  higher  PacOs  (permissive  hypercapnia)  or  of 
lowering  metabolic  rale  (eg,  by  sedation,  paralysis)  in  re- 
ducing the  required  level  of  ventilation.  A  lower  ventila- 
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tion  is  usually  associated  with  lower  distending  pressures. 
To  the  extent  that  high  distending  pressures  contribute  to 
barotrauma  and  negative  hemodynamic  consequences, 
permissive  hypercapnia  and  reductions  in  metabolic  rate 
may  help  reduce  the  complications  of  ventilatory  support. 

3.  Thoracic  Pressures  and  Cardiovascular  Function: 
Blood  returns  to  the  thorax  along  a  pressure  gradient 
from  peripheral  vessels  to  the  right  atrium  (RA).  To  the 
extent  that  intrathoracic  pressure  affects  RA  pressure,  it 
may  alter  the  gradient  for  venous  return.  Since  cardiac 
output  cannot  be  different  from  venous  return,  an  in- 
crease in  intrathoracic  pressure  will,  all  else  being  equal, 
tend  to  reduce  cardiac  output.  This  effect  is  enhanced  in 
the  presence  of  hypovolemia. 

Right  ventricular  (RV)  output  can  also  be  affected  by 
changes  in  RV  afterload.  The  latter  is  affected  in  a  com- 
plex way  by  lung  volume;  an  increase  in  lung  volume  tends 
to  increase  the  resistance  of  alveolar  vessels  while  decreas- 
ing the  resistance  of  extra-alveolar  vessels.  The  net  effect 
on  total  resistance  is  unpredictable.  Changes  in  RV  after- 
load  can  aggravate  or  minimize  the  effect  of  changes  in  in- 
trathoracic pressure  on  RA  pressure. 

Changes  in  intrathoracic  pressure  also  affect  LV  func- 
tion; a  higher  intrathoracic  pressure  acts  to  reduce  LV  af- 
terload. Where  poor  LV  function  is  limiting  cardiac  out- 
put, an  increase  in  intrathoracic  pressure  may  result  in 
better  LV  emptying,  with  secondary  consequences  on  RV 
afterload  (decrease)  and  venous  return  (increase). 
Changes  in  lung  volume  may  also  reflexly  affect  peripheral 
vascular  tone. 

It  is  clear  that  effects  of  changes  in  ventilator  settings  on 
hemodynamics  are  complex.  However,  in  general,  cardiac 
output  is  adversely  affected  by  increases  in  intrathoracic 
pressure;  the  actual  response  varies. 

4.  Tissue  Oxygenation:  One  of  the  main  objectives  of 
ventilatory  support  is  to  ensure  that  tissues  are  provided 
with  their  Oj  requirements.  The  rate  at  which  0_»  is  deliv- 
ered to  the  issues  (0»  delivery  [Do  J)  is  a  function  of  car- 
diac output  (Q,),  hemoglobin  (Hgb).  and  O?  saturation 
(Sao2)  •  Thus: 

Do,  =  1.39  Hgb  x  SaG,  x  Q,  +  0.003  x  P.lG, 
Do,  represents  the  theoretical  maximum  for  O-j  consump- 
tion by  the  tissues.  In  practice,  tissues  cannot  extract  all  the 
delivered  oxygen.  As  Do,  is  reduced,  the  tissues  are  capa- 
ble of  increasing  the  fraction  extracted  such  that  their  O? 
needs  are  met.  A  point  is  reached,  however,  where  the 
fraction  of  O9  that  can  be  extracted  reaches  a  maximum 
level.  As  Oo  delivery  decreases  below  this  critical  level,  the 
On  needs  of  the  tissues  cannot  be  met.  This  state  (O?  ex- 
tracted <  amount  warranted  by  metabolic  activity)  may  ulti- 
mately result  in  tissue  damage  and  can,  theoretically,  ac- 
count for  multisystem  failure  in  critically  ill  patients. 

This  critical  level  of  Oj  delivery  is  related  to  the  metabol- 
ic activity  of  tissues  (the  higher  the  activity,  the  higher  the 
critical  i)o»)  and  to  the  maximum  fraction  that  tissues  can 
extract  from  delivered  0_>.  In  disease,  metabolic  rate  (ie, 
Vo2)  is  often  high.  There  is  also  evidence  that  in  some  clin- 
ical states  (notablv  sepsis),  the  maximum  fraction  that  can 


be  extracted  is  reduced.  Both  factors  tend  to  raise  1  nii<  .1] 
Do,. 

Mechanical  ventilation  affects  two  of  the  main  determi- 
nants of  Do,,  namely  S,,,,  and  (.),.  Often,  ventilator  mea- 
sures that  are  aimed  at  increasing  one  variable  cause  an 
opposite  change  in  the  other  (eg,  PEEP  may  improve  S,(, 
but  concomitantly  may  reduce  Qi).  Where  maintaining  a 
reasonable  Pao,  (eg,  >60  mm  Hg)  requires  PEEP  in  cm  ess 
of  10  cm  H^O,  it  is  important  to  consider  whether  the  ml 
effect  (after  allowing  for  possible  adverse  effects  on  Q,)  is 
beneficial  (ie,  increase  in  Do,),  whether  the  remaining 
benefit,  if  any,  warrants  the  extra  risk  of  high  PEEP  or  Ij, > .. 
and  whether  the  same  improvements  in  Do,/V'o,  relation 
may  not  be  accomplished  less  dangerously  through  reduc- 
tion in  metabolic  rate  or  by  increasing  hemoglobin. 

5.  Respiratoiy  Mechanics:  The  pressure  required  to  pro- 
duce a  given  tidal  volume  (Vt)  in  a  given  time  (Ti  =  inspi- 
ratory time)  is  a  function  of  the  elastic  and  resistive  prop- 
erties of  the  respiratory  system.  The  elastic  properties  are 
defined  by  the  static  pressure-volume  (P-V)  relation.  This 
relation  is  sigmoidal  with  the  system  being  most  compliant 
(lowest  elastance)  in  the  midvolume  range  and  becoming 
substantially  suffer  near  the  upper  (total  lung  capacity 
[TLC] )  and  lower  volume  extremes.  Normally,  end-expira- 
tory volume  is  at  about  40  percent  of  vital  capacity  (VC), 
and  tidal  changes  in  volume  occur  in  the  middle,  most 
compliant,  range.  In  ventilated  patients,  the  V]  may  be  lo- 
cated near  the  upper  or  lower  extremes  of  the  P-V  curve 
where  the  system  is  naturally  stiff.  The  former  situation — 
Vt  encroaching  on  TLC — occurs  under  two  conditions: 
(1)  when  VC  is  extremely  small  as  a  result  of  severe  intrin- 
sic lung  disease;  here,  the  flat  portion  of  the  P-V  curve 
might  lie  within  the  target  Vt;  and  (2)  in  the  presence  oi 
high  PEEP  (external  or  intrinsic)  which  increases  FRC. 

Tidal  volume  occurs  in  the  stiff  range  near  residual  vol- 
ume (RV)  under  two  conditions:  (1)  with  obesitv  and  ab- 
dominal distention  which  force  end-expiratorj  volume 
(the  starting  position  for  the  next  breath)  to  be  in  the  low 
range  of  VC.  In  this  case,  the  increased  stiffness  is  partially 
related  to  chest  wall  stiffness  and  partially  to  alveolar  col- 
lapse. A  variable  portion  of  the  applied  pressure  is,  there- 
fore, dissipated  across  the  chest  wall  and  not  the  lung  ( ie, 
less  likelihood  of  barotrauma  for  the  same  distending  pi  es- 
sure);  and  (2)  when  airway  or  alveolar  closure  occurs  at 
higher  than  normal  volumes.  In  this  situation,  airway  clo- 
sure mav  occur  within  the  \'i  range,  and  this  derecruit- 
ment  causes  the  lung  to  appear  stiffer. 

When  measured  compliance  (Vr/ [plateau  pressure 
minus  end-expiratory  pressure  (total  PEEP)] )  is  too  low.  it 
is  important  to  ascertain  whether  this  is  in  part  due  to  the 
Vt  cycling  near  one  of  the  volume  extremes  and,  il  SO, 
whether  cycling  is  occurring  near  TLC  or  RV.  This  has  1111 
portant  implications  both  in  terms  of  identifying  the  un- 
derlying pathophysiology  (is  the  increased  stillness  due  to 
structural  changes  [true  stiffness  or  not?] )  and  in  defining 
the  ventilator  strategy  10  be  used  to  minimize  barotrauma. 
This  distinction  can  be  made  with  simple  manipulations  ol 
ventilator  output  while  monitoring  airway  pressure.  One 
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simple  approach  is  to  decrease  Vr  for  one  to  two  breaths 
and  then  assess  compliance  with  the  smaller  Vj.  An  in- 
( lease  in  compliance  as  V-r  decreases  suggests  that  lung 
volume  is  near  the  stiff  Upper  part  of  the  P-Vcurve.  An  un- 
changed compliance  indicates  that  \'r  is  cycling  in  the  lin- 
ear midrange.  Conversely,  if  compliance  decreases  as  Vj  is 
lowered,  volume  is  likelv  cvcling  near  the  stiff  lower  range 
ill  the  PA'  curve.  In  this  case,  addition  of  PEEP  should  im- 
prove the  operating  compliance  (bv  raising  end-expiratory 
volume  toward  the  more  compliant  range).  This  should  be 
hclptul.  particularly  during  weaning. 

The  conventionally  measured  compliance  reflects  the 
elastic  properties  of  both  chest  wall  and  lung.  A  low  mea- 
sured compliance  may  be  due  to  stiff  lungs  and/or  a  stiff 
chest  wall  or  to  a  small  fraction  of  the  lung  being  venti- 
lated (i'g,  ARDS).  Increased  lung  stiffness  is  the  predomi- 
nant mechanism  with  intrinsic  lung  disease,  with  auto- 
PEEP,  and  where  there  is  airway  or  alveolar  closure  in  the 
V|  i  ange  (see  above).  Increased  chest  wall  stiffness  may  be 
the  predominant  cause  of  decreased  compliance  with  pri- 
mary  chest  wall  disease  (eg;  kyphoscoliosis)  or  where  obesi- 
ty or  abdominal  distention  causes  Vj  to  cycle  near  RV 
where  the  chest  wall  is  naturally  stiff  (see  above).  De- 
termination  of  the  contribution  of  lung  and  chest  wall  to 
decreased  compliance  is  possible  only  by  concurrentlv 
(with  airway  pressure  [Paw])  estimating  pleural  pressure 
using  an  esophageal  catheter.  Thus,  if  Paw  during  an  inspi- 
rator)' hold  is  40  cm  HjO  higher  than  end-expiratory  pres- 
sure (PEEP)  while  the  corresponding  value  from  pleural 
pressures  (Ppl)  (ie,  Ppl  during  plateau  minus  Ppl  at  end 
expiration)  is  30  cm  HaO,  then  the  lung  contributes  a 
quarter  of  the  stiffness  while  the  chest  wall  contributes 
three  quarters,  and  so  on.  Where  increased  lung  stiffness  is 
the  major  reason  for  decreased  compliance,  the  lung  re- 
ceives the  brunt  of  the  distending  pressure  and,  all  else 
being  the  same,  the  risk  of  barotrauma  will  theoretically  be 
greater. 

The  other  component  to  the  distending  pressure  is  that 
related  to  resistance.  In  ventilated  patients,  total  resistance 
is  made  up  of  two  components,  ET  tube  resistance  and  re- 
sistance of  the  patient's  airways.  In  many  cases,  ET  tube  re- 
sistance is  the  major  component  of  total  resistance.  The  re- 
sist.nice  of  the  ET  tube  is  not  constant,  but  increases  with 
flow  rate.  With  the  exception  of  obstructive  diseases,  the 
patient's  resistance  normalized  for  lung  volume  (specific 
resistance)  is  normally  very  small.  In  obstructive  diseases, 
resistance  is  high  and  is  often  volume  dependent,  being 
higher  at  low  lung  volume.  It  should  be  remembered  that 
the  measured  resistance  value  is  determined  by  the  size  of 
the  aerated  compartment;  thus,  in  ARDS  (a  condition  in 
which  the  aerated  capacity  may  be  only  one  third  of  nor- 
mal), die  measured  resistance  value  maybe  high,  while  the 
spec  ilic  i  esistance  is  normal  or  low. 

Whereas  total  elastance  and  total  resistance  determine 
the  total  distending  pressure  required  to  attain  a  given  Vt 
in  a  given  I" [.  regional  differences  in  respiratory  mechanics 
(  .in  mipoi  unllv  influence  the  distribution  of  inhaled  vol- 
ume- within  die  lungs.  "Ibis  may  result  in  some  lung  re- 


gions becoming  relatively  overdistended  even  though  total 
Vt  may  be  reasonable.  The  regional  distribution  of  Vt  is  af- 
fected in  a  complex  way  by  the  underlying  reason  for  non- 
homogeneity  (ie,  regional  differences  in  resistance  or  com- 
pliance), Tj,  and  flow  pattern. 

The  total  distending  pressure  applied  at  any  instant 
(Ptot)  is  the  sum  of  pressure  applied  to  overcome  elastic- 
recoil  (Pel,  a  function  of  volume  above  passive  FR(.  and 
the  P-V curve),  and  the  pressure  applied  to  overcome  resis- 
tive elements  (Pies,  a  function  of  flow  rate  and  resistance): 
Ptot  =  Pel  +  Pres 

In  paralyzed  or  apneic  patients  Ptot  is  entirely  supplied 
by  the  ventilator  and  Paw  =  Ptot.  When  the  elastic  and  re- 
sistive properties  are  known,  Ptot  can  be  estimated.  Any 
difference  between  Paw  and  Ptot  is  a  reflection  of  the  pres- 
sure generated  by  the  patient.  This  approach  can  thus  be 
utilized  to  assess  the  extent  of  patient  effort  and,  hence, 
adequacy  of  ventilatory  support. 

6.  Dynamic  Hyperinflation  and  Aulo-PIiEP:  Dynamic 
hyperinflation  (DH)  is  defined  as  failure  of  lung  volume  to 
return  to  passive  FRC  (volume  at  which  elastic  recoil 
equals  external  PEEP)  prior  to  the  onset  of  the  next  inspi- 
ration. Whenever  this  happens,  alveolar  pressure  remains 
higher  than  external  PEEP  throughout  expiration,  and 
unless  ait-ways  completely  collapse,  expiratory  flow  contin- 
ues until  the  onset  of  the  next  inspiration. 

Auto-PEEP  is  the  difference  between  alveolar  pressure 
and  external  airway  pressure  at  end  expiration.  A  differ- 
ence {ie,  auto-PEEP)  will  always  exist  whenever  expiratory 
flow  continues  until  the  end  of  expiration  (this  is  the  gra- 
dient for  flow).  In  the  passive  patient,  such  a  gradient  can 
only  result  from  dynamic  hyperinflation  since  alveolar 
pressure  in  this  case  reflects  only  passive  elastic  recoil;  a 
gradient  thus  means  lung  volume  did  not  return  to  passive 
FRC.  In  the  patient  with  active  expiratory  muscles,  alveolar 
pressure  is  also  affected  by  the  pressure  generated  bv  expi- 
ratory muscles.  A  gradient  (auto-PEEP)  can  therefore  exist 
even  though  volume  is  at,  or  even  below,  passive  FRC 
Auto-PEEP  in  the  active  patient  does  not  necessarily  signify 
the  presence  of  DH  and  its  magnitude  is  not  an  index  of 
the  magnitude  of  DH.  This  is  important  to  recognize, 
since  the  physiologic  consequences  and  management  of 
auto-PEEP  due  to  dynamic  hyperinflation  and  to  expirato- 
ry activity  differ  (see  below).  Expiratory  muscle  activity  Fre- 
quently exists  in  the  presence  ol  high  respiratory  drive 
and/or  high  expiratory  resistance. 

Dynamic  hyperinflation  develops  in  the  setting  of  high 
expiratory  resistance  or  expiratory  flow  limitation  and  is 
influenced  by  the  compliance  of  the  respirator)  s\siem. 
the  volume  from  which  exhalation  begins,  and  the  expira- 
tory time.  In  ventilated  patients,  the  delay  in  emptying  ma\ 
be  patient  related  (obstructive  diseases)  or,  very  common- 
ly, may  be  due  to  "plumbing''  problems  (narrow  ET  lube, 
kinking  or  water  clogging  of  exhalation  tube,  pool  exhala- 
tion valve,  etc).  Measurement  ol  Paw  during  expiration 
helps  to  distinguish  between  problems  iiuiinsic  in  the 
patient  and  ET  tube,  from  problems  within  the  external 
circuit  (high  Paw  during  exhalation  points  to  the  latlei 
causes). 
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Auto-PEEP  (DH,  air  trapping,  intrinsic  PEEP)  has  been 
described  in  many  conditions  (eg,  COPD,  asthma,  ARDS) 
and  can  occur  whenever  Ve  is  relatively  high.  Dynamic  hy- 
perinflation most  commonly  occurs,  however,  in  the  set- 
ting of  severe  airflow  obstruction.  Here,  the  ventilation  re- 
quirements may  be  modest,  but  expiratory  resistance  is 
often  severalfold  greater  than  its  inspiratory  counterpart. 

The  consequences  of  DH  are  related  to  the  associated 
changes  in  lung  volume  and  pleural  pressure.  (1)  It  causes 
Vj  to  cycle  closer  to  TLC  where  compliance  is  low  (see 
above).  More  distending  pressure  is  required  to  attain  the 
same  Vr.  (2)  It  interferes  with  triggering  in  the  assisted 
mechanical  ventilation  or  pressure  support  modes;  the  pa- 
tient has  to  generate  enough  pressure  to  offset  auto-PEEP 
plus  trigger  sensitivity  before  triggering  occurs.  (3)  Be- 
cause of  1  and  2,  it  increases  the  work  of  breathing  during 
weaning  attempts.  (4)  It  affects  hemodynamics  in  a  man- 
ner similar  to  external  PEEP.  (5)  It  can  cause  overestima- 
tion  of  the  pressure  difference  required  for  tidal  ventila- 
tion and  subsequent  underestimation  of  the  true  compli- 
ance of  the  respiratory  system. 

Auto-PEEP  in  the  absence  of  DH  (ie,  end-expiratory 
lung  volume  at  or  below  passive  FRC)  does  not  cause  Vx  to 
cycle  near  TLC  (in  fact,  it  may  have  an  opposite  effect  by 
reducing  end-expiratory  lung  volume  below  passive  FRC), 
has  little  effect  on  triggering,  does  not  increase  work  of  in- 
spiratory muscles  (in  fact,  it  may  spare  inspiratory  muscle 
work  through  sharing  of  total  work  between  inspiratory 
and  expiratory  muscles),  and  does  not  result  in  underesti- 
mation of  true  compliance.  In  fact,  where  volume  begins 
below  passive  FRC  due  to  expiratory  muscle  activity,  the 
opposite  (overestimation  of  compliance)  may  occur. 
Administration  of  external  PEEP  under  these  circum- 
stances serves  no  purpose  and  ma)'  make  it  more  difficult 
for  expiratory  muscles  to  reduce  lung  volume. 

In  the  passive  state,  and  for  a  given  degree  of  expiratory 
obstruction,  the  two  variables  that  are  most  critical  in  de- 
termining extent  of  DH  are  total  Ve  and  the  inspira- 
tor)/expiratory  (I:E)  ratio.  A  higher  Ve  will  cause  more 
DH  whether  the  high  Ve  is  the  result  of  a  large  Vj  or  high 
rate  (f)-  In  the  former  case  (larger  Vx),  more  time  is  re- 
quired to  return  lung  volume  to  the  passive  FRC,  whereas 
in  the  latter  case  (high  f),  less  time  is  available  to  empty 
the  same  Vx.  It  is  for  this  reason  that  reduction  in  Ve 
(through  permissive  hypercapnia  or  reduction  in  ventila- 
tory demand)  is  one  of  the  most  effective  ways  of  reducing 
DH.  At  a  given  f,  the  I:E  ratio  determines  the  time  for  de- 
livery of  the  Vx-  Higher  values  tend  to  increase  auto-PEEP. 
Measurement:  Auto-PEEP  should  be  suspected  in  all  pa- 
tients with  airways  obstruction  or  whenever  the  flow  trac- 
ing demonstrates  persistent  flow  at  end  exhalation.  During 
passive  ventilation  (patient  is  not  making  respirator)'  ef- 
forts), auto-PEEP  can  be  measured  by  comparing  the  end- 
expiratory  airway  occlusion  pressure  (easily  measured  in 
only  a  few  currently  available  ventilators)  with  the  set  level 
of  PEEP  or  by  observing  the  amount  of  positive  airway 
pressure  required  to  initiate  inspiratory  flow.  A  helpful 
method  for  executing  end-expiratory  port  occlusion  in  the 


passive  patient  uses  the  ventilator's  inflation  onset  as  the 
timing  mechanism  with  a  Braschi  valve.  Auto-PEEP  can 
also  be  measured  using  plateau  pressures.  Operationally, 
plateau  pressure  is  first  recorded  during  a  single  cycle  of 
volume-controlled  ventilation  at  the  usual  ventilating  fre- 
quency. (To  avoid  further  hyperinflation,  the  end-inspira- 
tory  pause  should  not  be  applied  for  more  than  a  single 
cycle.)  Inflation  is  then  prevented  for  approximately  20  s 
by  a  marked  reduction  in  frequency,  after  which  a  single 
end-inspiratorv  plateau  pressure  is  remeasured.  The  differ- 
ence in  plateau  pressures  is  auto-PEEP. 

Another  similar  method  is  first  to  measure  the  addition- 
al (dynamically  trapped)  volume  released  when  a  single 
routine  tidal  inflation  is  delayed  by  20  to  30  s,  and  then  to 
divide  the  measured  trapped  volume  by  respiratory  system 
compliance.  Under  passive  conditions,  compliance  is  per- 
haps best  judged  by  dividing  the  difference  in  static  end-in- 
spiratory  ("plateau")  pressures  observed  at  two  distinctly 
different  Vx  into  that  volume  difference.  This,  however,  is 
valid  only  if  compliance  is  constant  throughout  Vr  (ie,  \'j 
is  fully  within  the  linear  segment  of  the  P-V  curve) . 

In  a  passively  ventilated  patient,  the  effect  of  PEEP  on 
lung  and  chest  volumes  can  be  accurately  assessed  by  ob- 
serving the  peak  dynamic  or  static  airway  pressures.  Failure 
of  these  pressures  to  rise  in  response  to  adding  PEEP  indi- 
cates dynamic  airway  compression,  flow  limitation,  and  po- 
tential benefit  to  the  addition  of  PEEP. 

Finally,  when  auto-PEEP  results  from  dynamic  airway 
compression,  the  least  PEEP  increment  required  to  evoke 
a  detectable  increase  in  lung  volume  or  peak  cycling  pres- 
sure is  sometimes  considered  to  be  the  pressure  required 
to  counterbalance  the  original  level  of  auto-PEEP.  This 
technique  is  invalid,  however,  when  expiration  is  not  flow 
limited  (ie,  when  DH  is  due  to  a  simple  increase  in  resis- 
tance and  not  to  flow  limitation).  Moreover,  the  applied 
pressure  needed  to  counterbalance  the  "critical"  pressure 
approximates  only  75  percent  to  85  percent  of  the  auto- 
PEEP  determined  by  expiratory  port  occlusion. 

In  patients  with  active  respiratory  efforts  (ie,  assist  mode, 
PSV,  etc)  auto-PEEP  cannot  easily  be  approximated  by  the 
end-expiratory  occlusion,  since  expiratory  muscle  activitv 
can  influence  the  measured  value.  It  can  also  be  estimated 
as  the  esophageal  pressure  deflection  required  to  initiate 
inspiration  or  to  terminate  expiratory  flow.  Interestingly, 
auto-PEEP  estimated  by  this  method  is  usually  less  than 
that  measured  by  end-expiratory  port  occlusion.  Although 
the  reason  for  this  disparity  remains  unclear,  it  has  been 
argued  that  gas  begins  to  flow  into  the  lung  when  auto- 
PEEP  in  the  least  affected  units  has  been  overcome. 

As  indicated  above,  the  auto-PEEP  measured  in  patients 
with  active  respiratory  efforts  need  not  reflect  dynamic  hy- 
perinflation. To  our  knowledge,  there  are  currently  no  ac- 
cepted methods  of  assessing  the  extent  of  DH  in  patients 
with  active  respiratory  efforts.  The  use  of  external  PEEP  in 
these  cases  should  be  based  more  on  clinical  response  to 
graded  external  PEEP  (ie,  more  or  less  distress)  than  on 
the  measured  value  of  auto-PEEP. 
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7.  Respiratory  Muscle  Output  and  Endurance:  Lab- 
oratory studies  have  shown  that  inspiratory  muscles  fatigue 
when  forced  to  generate  pressures  in  excess  of  critical  lev- 
els.35 The  critical  pressure  output  above  which  fatigue  oc- 
curs is  a  function  of  inspiratory  muscle  strength  (eg,  maxi- 
mum inspirator)'  pressure).  It  is  not  clear  whether  fatigue 
occurs  outside  the  laboratory  setting,  where  inspiratory 
muscle  output  is  spontaneously  selected  by  the  patient  and 
not  imposed  (as  in  the  laboratory).  Nevertheless,  the  labo- 
ratory results  point  out  the  limited  capacity  of  inspiratory 
muscles  to  sustain  relatively  high  pressure  outputs. 

It  is  very  difficult  to  assess  the  potential  for  fatigue  in  the 
ventilated  patient.  Whereas  actual  muscle  output  can  be 
estimated  through  measurement  of  work  of  breathing,  the 
pressure  generated  by  muscle  contraction  or  Pmus  (see 
above),  the  denominator  (maximum  possible  output)  is 
difficult  to  determine.  Furthermore,  the  critical  fractions 
developed  in  the  laboratory  (eg,  tension-time  index  >0.15) 
need  not  apply  in  the  critically  ill  patient.  So  far,  the  best 
indication  of  whether  the  patient's  muscles  are  over- 
stressed  remains  the  clinical  impression  of  respiratory  dis- 
tress. 

8.  Control  of  Breathing:  There  is  tremendous  interindi- 
vidual  variability  in  the  level  of  ventilation  desired  by  pa- 
tients (ie,  ventilatory  demand).  The  range  extends  from  a 
few  liters  per  minute  (as  in  patients  with  chronic  COo  re- 
tention) to  >  30  L/min  (eg,  in  sepsis).  High  levels  of  venti- 
latory demand  are  related  to  high  metabolic  rate  (muscle 
activity,  fever),  excessive  Vu/Vt,  or  to  a  lower  COo  set 
point  where  the  patient  targets  a  subnormal  Pcoa  (meta- 
bolic acidosis,  neural  reflexes,  central  problems).  In  the 
presence  of  high  Ve  demand,  high  Ve  output  by  the  venti- 
lator is  required  in  order  for  the  patient  to  feel  comfort- 
able. In  turn,  high  Ve  output  by  the  ventilator  translates 
into  greater  distending  pressure  (more  volume  and  flow) 
and  greater  tendency  for  auto-PEEP.  In  patients  with  high 
ventilatory  demands,  every  effort  should  be  made  to  iden- 
tify the  mechanism  and,  if  possible,  correct  it.  Should  the 
distending  pressures  required  to  maintain  comfort  remain 
excessive,  forced  reduction  in  ventilatory  drive  through  se- 
dation and,  if  necessary,  paralysis  (to  reduce  metabolic 
rate)  may  be  appropriate.  At  present,  there  are  insufficient 
data  to  indicate  the  precise  pressures  (or  volumes)  that 
must  be  avoided  (see  complications,  Section  5-B). 

B.    Ventilator-Related  Physiologic  Principles 

During  spontaneous  unassisted  breathing,  contraction 
of  the  diaphragm  and  other  accessory  muscles  of  inspira- 
tion results  in  a  decrease  in  intrathoracic  pressure,  fol- 
lowed by  a  corresponding  decrease  in  alveolar  and  airway 
pressures.  These  decreased  pressures  cause  an  increase  in 
thoracic  volume  and  the  movement  of  a  Vj  into  the  lungs. 
Relaxation  of  ventilatory  muscles  returns  these  pressures 
and  volumes  to  their  resting  levels.  That  is,  the  elastic  re- 
coil of  the  thoracic  cage  and  of  the  lung  increases  intratho- 
racic pressure,  causing  an  increase  in  alveolar  and  airway 
pressure,  allowing  exhalation  of  the  Vj.  During  mechani- 
cal ventilatory  assistance,  the  magnitude  and  the  direction 


of  these  pressures  may  be  grossly  altered  with  potential  ad- 
verse effects  as  outlined  elsewhere  in  this  text.  As  a  result, 
the  appropriate  selection  of  gas  delivery  settings  and  mon- 
itoring of  system  pressures  is  likelv  important. 

1.  Ventilator  Settings: 

(i)  Volume.  In  volume-targeted  (ie,  volume  cycled)  venti- 
lation, a  machine-delivered  Vr  is  set  to  be  consistent  with 
adequate  gas  exchange  and  patient  comfort.  The  Vr  select- 
ed in  adults  normally  varies  from  about  5  to  15  ml/kg  of 
body  weight.16-1'  Numerous  factors,  such  as  lung/thorax 
compliance,  system  resistance,  compressible  volume  loss, 
oxygenation,  ventilation,  and  barotrauma,  are  considered 
when  volumes  are  selected.'6  Of  critical  importance  is  the 
avoidance  of  localized  overdistention.3SThis  can  generally 
be  accomplished  by  selecting  Vr  that  remain  on  the  steep 
aspect  of  the  P-V  curve  of  the  patient-ventilator  system  and 
by  ensuring  that  peak  airway  and  alveolar  pressures  do  not 
exceed  a  maximum  target.37-39  Although  controversy  exists 
regarding  specific  target  levels,  many  would  agree  that  a 
peak  alveolar  pressure  greater  than  35  cm  ELO  raises  con- 
cern regarding  the  development  of  barotrauma  and  venti- 
lator-induced lung  injury  increases.1'-4"  With  pressure-tar- 
geted (in  pressure-limited)  ventilation,  delivered  Vt  varies 
depending  on  target  pressure  selected,  system  impedance, 
and  the  patient's  spontaneous  ventilatory  pattern. 

(ii)  Respiratory  Rate.  Setting  of  mandatory  ventilator  gas 
delivery  rate  is  dependent  on  the  mode  of  ventilation  se- 
lected, the  delivered  Vt,  dead  space  to  tidal  volume  ratio, 
metabolic  rate,  target  PaCOs  level,  and  level  of  spontaneous 
ventilation.31'  With  adults,  set  mandatory  rate  normally 
varies  between  4  and  20/min,  with  most  clinically  stable 
patients  requiring  mandatory  rates  in  the  8  to  12/min 
range;36  in  patients  with  either  acute  or  chronic  restrictive 
lung  disease,  mandatory  rates  exceeding  20/min  may  be 
necessary,  depending  on  desired  Ve  and  the  targeted 
PaCOj-  Along  with  Pacc>2.  pH,  and  comfort,  the  primary 
variable  controlling  the  selection  of  mandatory  rate  is  the 
development  of  air  trapping  and  auto-PEEP.22  As  with  the 
selection  of  most  ventilator  settings,  development  of  air 
trapping  should  be  avoided  because  of  its  effect  on  V/Q 
matching,  work  of  breathing,  and  barotrauma.2241 

(iii)  Flow  Rate.  The  selection  of  peak  inspiratory  flow 
rate  during  volume-targeted  ventilation  is  primarily  deter- 
mined by  the  level  of  spontaneous  inspiratory  effort.  In  pa- 
tients triggering  volume-targeted  breaths,  patient  effort, 
work  of  breathing,  and  patient-ventilator  synchrony  de- 
pend on  the  selection  of  peak  inspiratory  flow.42  Peak  in- 
spiratory flows  should  ideally  match  patient  peak  inspirato- 
ry demands.  This  normally  requires  peak  flows  to  be  set  at 
40  to  100  L/min,  depending  on  Ve  and  drive  to  breathe. 
During  controlled  ventilation,  peak  flows  may  be  set  lower 
than  40  L/min  in  order  to  establish  a  specific  Tj.  With 
pressure-targeted  ventilation,  the  peak  inspiratory  flow  is 
determined  by  the  interaction  of  the  set  pressure,  respira- 
tory resistance,  and  patient  effort.  The  specifics  of  how 
quickly  the  pressure  target  is  reached  is  defined  by  the  man- 
ufacturer. 
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(iv)  Inspiratory  Time/I:E  Ratio.  The  selection  of  a  spe- 
cific Ti  and  I:E  ratio  is  generally  based  on  hemodynamic 
response  to  ventilation,  oxygenation  status,  and  level  of 
spontaneous  breathing.  In  spontaneously  breathing  pa- 
tients, gas  delivery  should  be  coordinated  with  patient  in- 
spiratory effort  to  ensure  synchrony.  This  normally  re- 
quires about  0.8  to  1.2  s  and  an  I:E  of  about  1:2  to  1:1.5.** 
During  controlled  mechanical  ventilation,  Ti  or  I:E  ratios 
may  be  lengthened  in  order  to  elevate  mean  airway  pres- 
sure (MAP)  and  enhance  oxygenation.44  When  lengthen- 
ing Ti  and  I:E  ratios,  the  impact  of  these  alterations  on  the 
cardiovascular  system  must  be  carefully  monitored.  The 
primary  factors  limiting  increases  in  both  Ti  and  I:E  ratios 
are  patient  discomfort,  the  need  for  sedation,  the  develop- 
ment of  auto-PEEP,  and  hemodynamic  compromise.44 

(v)  Flow  Profile.  Few  data  identifying  differing  physio- 
logic responses  to  inspiratory  flow  profiles  are  available 
when  adjusted  for  the  same  Vj  and  Ti/Ttot-*5,46  Essen- 
tially no  differences  exist  between  square,  decelerating, 
and  sine  wave  delivery  profiles  in  terms  of  gas  exchange  or 
work  of  breathing,  and  these  approaches  appear  to  be 
equally  acceptable  in  the  majority  of  patients  requiring 
ventilatory  support,  provided  that  the  mean  flow  rate  is  ad- 
equate. To  our  knowledge,  no  data  supporting  the  use  of 
an  accelerating  flow  pattern  are  currently  available.  Selec- 
tion of  flow  profile  is  available  only  in  volume-targeted  ap- 
proaches to  ventilation.  With  all  pressure-targeted  modes, 
an  exponentially  decelerating  pattern  is  normally  estab- 
lished as  the  ventilator  attempts  to  rapidly  achieve  the 
pressure  target  set  and  to  maintain  the  target  constant 
throughout  the  inspiratory  phase. 

(vi)  Sensitivity.  Since  mechanical  ventilators  and  artifi- 
cial airways  impose  a  resistive  load  on  the  spontaneously 
breathing  ventilator-assisted  patient,  ventilator-trigger  sen- 
sitivity should  be  set  at  the  most  sensitive  level  that  pre- 
vents self-cycling.  Generally,  this  is  -0.5  to  —1.5  cm  HjO. 
Recently  introduced  flow  cycling  systems  are  generally 
more  efficient  than  pressure  cycling  approaches,  but  the 
clinical  significance  of  this  is  unclear.247  These  systems 
should  also  be  set  at  maximum  sensitivity  (1  to  3  L/min). 

(vii)  F]q2.  The  selection  of  the  Fio?  is  dependent  on  the 
target  Pao2.  PEEP  level,  MAP,  and  hemodynamic  status.  In 
general,  as  a  result  of  concerns  regarding  the  effect  of  high 
Fio-j  on  lung  injury,  the  lowest  acceptable  Fio>  should  be 
selected.  However,  the  effect  of  Fio2on  lung  injury  must  be 
balanced  by  the  effect  of  airway  and  alveolar  pressures  on 
lung  injury.  In  those  patients  who  are  most  difficult  to  oxy- 
genate, Fioj  can  be  minimized  by  optimizing  PEEP  and 
MAP.  by  deep  sedation  with  or  without  pharmacologic 
paralysis,  and  by  lowering  the  minimally  acceptable  Sao..  to 
<90  percent  while  ensuring  adequate  cardiac  output. 4K 

(viii)  PEEP.  Positive  end-expiratory  pressure  is  applied 
to  recruit  lung  volume,  elevate  MAP.  and  improve  oxy- 
genation.4'1 PEEP  may  decrease  venous  return  and  preload 
of  the  LV,50  as  well  as  decreasing  the  triggering  work  of 
breathing  caused  by  auto-PEEP.41  The  optimal  level  of 
PEEP  depends  on  the  desired  physiologic  response.  In 


ARDS,  PEEP  level  is  established  in  conjunction  with  F|(). 
and  T]  settings  to  establish  a  target  Paos  (SaOa)  or  O^  deliv- 
ery. Although  it  is  difficult  to  identify  an  upper  limit  for 
PEEP  in  this  setting,  most  would  agree  that  the  lower  limit 
should  be  at  or  above  the  lower  inflection  point  on  the  P-V 
curve  in  the  early  phase  of  acute  lung  injury.61  This  is  gen- 
erally a  PEEP  level  of  about  8  to  12  cm  H9O.  As  with  any 
pressure,  avoidance  of  high  PEEP  levels  is  desirable. 

2.  Pressure  Measurements:  During  the  delivery  of  a  posi- 
tive pressure  breath,  system  pressure  can  be  measured  in  a 
number  of  locations  (internal  to  the  ventilator,  at  the  air- 
way opening,  and  at  the  carina) .  The  farther  away  the  mea- 
surement is  from  the  alveoli,  the  greater  the  possible  dif- 
ference from  actual  alveolar  pressure.  During  patient  trig- 
gering, alveolar  pressure  is  more  negative  than  carinal 
pressure,  which  is  more  negative  than  airway  opening  pres- 
sures, which  are  more  negative  then  internal  ventilator 
pressures.'2  Because  of  resistance  to  gas  flow  during  a  posi- 
tive pressure  breath,  pressure  measured  internal  to  the 
ventilator  is  greater  than  airway  opening  pressure,  which  is 
greater  than  carinal  pressure,  which  is  greater  than  alveo- 
lar pressure. '-'  Pressure  measured  at  all  of  these  locations  is 
only  equal  during  periods  of  zero  flow. 

(i)  Peak.  Peak  pressure  is  the  maximum  pressure  obtain- 
able during  active  gas  delivery.  In  volume-targeted  ventila- 
tion, peak  pressure  is  dependent  on  both  compliance  and 
airways  resistance,  as  well  as  V-p,  peak  flow,  and  flow  pat- 
tern. For  a  given  compliance  and  airway  resistance,  higher 
peak  flow  results  in  higher  PAP.  Generally,  with  all  other 
variables  equal,  an  accelerating  flow  profile  results  in  a 
higher  PAP  than  any  other  profile,  since  the  highest  flows 
are  delivered  with  this  pattern  at  end  inspiration.  With 
pressure-targeted  ventilation,  the  peak  inspiratory  pres- 
sure is  approximately  equal  to  the  target  pressure.  How- 
ever, because  of  the  high  initial  flow  and  the  decelerating 
flow  pattern  in  pressure-targeted  ventilation,  the  initial  sys- 
tem pressure  may  exceed  the  pressure  target  by  about  1  to 
3cmH20. 

(ii)  Plateau.  This  is  normally  defined  as  the  end-inspi- 
ratory  pressure  during  a  period  of  at  least  0.5  s  of  zero  gas 
flow.43  It  should  be  measured  on  the  first  breath  after  the 
setting  of  an  inflation  hold  and  requires  passive  ventila- 
tion. The  plateau  pressure  is  the  pressure  required  to 
counterbalance  end-inspiratory  forces  and  roughly  ap- 
proximates the  average  peak  alveolar  pressure.  With  pres- 
sure-targeted ventilation,  the  pressure  target  approximates 
to  the  plateau  (alveolar)  pressure  if  a  period  (0.5  s)  of  zero 
delivered  gas  flow  is  observable. 

(iii)  Mean.  The  system  pressure  averaged  over  the  en- 
tire ventilatory  period  is  defined  as  the  MAP.  Because  expi- 
ratory resistance  usually  exceeds  inspiratory  resistance,"3 
MAP  as  displayed  on  monitoring  devices  almost  always  un- 
derestimates mean  alveolar  pressure  (MalvP)  to  some  ex- 
tent.44 The  MalvP  can  be  estimated  from  the  MAP  by  the 
following  formula: 

MalvP  =  (Ve/60)(Re  -  Ri)  +  MAP 
where  Ri  and  Rk  are  inspiratory  and  expiratory  resistances, 
respectively.  Provided  sufficient  PEEP  is  applied  to  seek 
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out  recruitable  lung  units,  oxygenation  and  MAP  demon- 
strate a  predictable  and  quantifiable  direct  relationship.44 
(iv)  End-Expiratory.  This  is  the  airway  pressure  at  the 
termination  of  the  expiratory  phase,  normally  equal  to  at- 
mospheric or  the  applied  PEEP  level.  However,  in  patients 
with  prolonged  expiration  or  short  expiratory  times,  end- 
expiratory  alveolar  pressure  may  be  further  elevated  as  a 
result  of  the  development  of  auto-PEEP.  Alveolar  and  air- 
way pressures  are  not  the  same  unless  periods  of  no-flow 
are  established.  That  is,  end-inspiratory  airway  pressure 
normally  exceeds  alveolar  pressure  because  of  resistance 
to  gas  flow,  whereas  end-expiratory  alveolar  pressure  may 
exceed  airway  pressure  because  of  the  development  of 
auto-PEEP  and  MalvP  always  exceeds  MAP. 

3.  Machine  Problems: 

(i)  Demand  Valves.  In  all  assisted  modes  of  ventilation, 
the  patient  must  activate  gas  delivery.  This  requires  a  pres- 
sure differential  sufficient  to  trigger  the  ventilator.  Once 
triggering  occurs,  sufficient  gas  flow  must  be  provided  to 
meet  inspiratory  demand.  Both  of  these  processes  impose 
work  on  the  patient.  The  amount  of  effort  required  to  acti- 
vate any  given  ventilator  varies  greatly  and  is  generally 
greater  with  pressure  triggering  than  flow  triggering.-^The 
addition  of  PEEP  or  CPAP  may  increase  imposed  work  be- 
cause of  the  adjustments  the  ventilator  must  make  to  main- 
tain PEEP/CPAP  during  spontaneous  breathing.55  Al- 
though the  work  imposed  by  these  systems  is  generally 
minimal,  total  imposed  work  of  breathing  can  be  signifi- 
cant when  demand  valves  are  considered  in  series  with  the 
work  imposed  by  ET  tubes  and  humidifier  systems. 

(ii)  Humidifiers.  Three  different  types  of  humidifiers 
are  used  during  mechanical  ventilation:  bubble-through, 
passover,  and  artificial  noses.  Of  these,  the  passover  hu- 
midifier is  the  only  one  that  does  not  have  the  potential  to 
impose  added  work  of  breathing.  Bubble-through  humidi- 
fiers have  minimal  effect  on  imposed  work  of  breathing  if 
the  machine  sensing  of  patient  effort  is  on  the  expiratory 
side  of  the  circuit  or  at  the  circuit  "Y."  However,  if  padent 
effort  is  sensed  on  the  inspiratory  side,  imposed  work  of 
breathing  may  be  markedly  increased  because  of  the  need 
to  create  a  pressure  gradient  across  the  humidifier.55 
Artificial  noses  represent  a  resistance  load  placed  in  series 
with  the  ET  tube  and  demand  valve.24  Their  effect  on  work 
of  breathing  is  dependent  on  length  of  use,  patient  ventila- 
tory drive,  and  design  of  the  valve.5"  In  general,  artificial 
noses  should  not  be  used  in  patients  with  marked  ventila- 
tory muscle  dysfunction,  particularly  if  small-sized  ET 
tubes  are  used  and  if  the  development  of  auto-PEEP  is  an 
ongoing  issue.  Regardless  of  humidifier  used,  it  should  be 
able  to  establish  at  the  carina  a  temperature  of  30°  to  32°C 
with  an  absolute  humidity  of  30  mg.57 

(iii)  Apnea  Ventilation.  Many  ventilators  do  not  incor- 
porate backup  apnea  ventilation  during  pressure  support 
or  CPAP  breathing.  As  a  result,  careful  setting  of  low  respi- 
ratory rate,  low  Vt,  and  low  minute  volume  alarms  are  crit- 
ical for  the  safe  application  of  these  modes  of  ventilation. 
In  ventilators  where  apnea  ventilation  is  available,  apnea 
of  definable  time  periods  results  in  the  provision  of  a  back- 


up control  mode  volume-targeted  approach  to  ventilation. 
Resumption  of  spontaneous  breathing  or  practitioner  in- 
tervention re-establishes  the  original  ventilatory  mode. 

C.  Patient-Ventilator  Interactions 

The  use  of  a  mechanical  ventilator  often  superimposes  a 
clinician-selected  pattern  of  ventilation  on  the  patient's 
natural  breathing  rhythm.  Under  these  circumstances,  cer- 
tain interactions  between  patient  and  ventilator  will  occur. 
These  fall  in  two  categories:  (1)  the  response  of  the  me- 
chanical breath  delivery  system  to  patient  efforts,  and  (2) 
the  response  of  patient  efforts  to  ventilator  settings. 

1.  Response  of  the  Breath  Delivery  System  to  Patient 
Efforts:  If  the  ventilatory  demands  of  the  patient  do  not  co- 
incide with  the  quantity  (or  quality)  of  ventilation  provid- 
ed by  the  ventilator,  patient-ventilator  dyssynchrony  can 
impose  an  inspiratory  muscle  load.  This,  in  turn,  leads  to 
increased  oxygen  consumption  of  the  respirator)-  muscles 
and  patient  discomfort,  which  is  diagnosed  as  the  patient 
"fighting"  the  ventilator.  This  detrimental  patient-ventila- 
tor interaction  may  be  due  to  the  patient's  "inappropriate- 
ly" high  ventilatory  drive  or  to  inappropriate  ventilator  set- 
tings or  circuits.  If  the  clinician  determines  that  this  prob- 
lem is  due  to  "inappropriate"  patient  demands,  it  may  be 
appropriate  to  use  sedation  or  paralysis  to  eliminate  pa- 
tient respiratoiy  effort.  Conversely,  the  problem  may  relate 
to  the  ventilatory  mode  or  ventilator  setup  being  used. 
These  detrimental  interactions  between  patient  and  venti- 
lator can  occur  during  any  of  the  following  phases  of 
breath  delivery. 

(i)  Triggering.  Triggering  is  the  initiation  of  gas  deliv- 
ery. Significant  imposed  ventilatory  muscle  loads  can  be 
imposed  bv  insensitive  or  unresponsive  triggering54'58  sys- 
tems. In  addition,  the  presence  of  auto-PEEP,41'59  narrow 
ET  tubes,1'"  obstructed  airways,  and  stiff  parenchyma"1  will 
serve  to  magnify  the  insensitivitv  or  unresponsiveness  of 
the  triggering  system.  Attempts  to  maximize  trigger  sensi- 
tivity and  responsiveness  through  demand  valve  adjust- 
ments or  through  the  counterbalancing  of  auto-PEEP  with 
applied  PEEP  are  appropriate.  Unfortunately,  oversensi- 
tive valves  can  result  in  spontaneous  ventilator  cycling  in- 
dependent of  patient  effort. 

(ii)  Gas  Delivery.  Gas  flow  from  the  ventilator  is  gov- 
erned (or  limited)  by  a  set  flow  (flow  limited)  or  set  pres- 
sure (pressure  limited)  on  most  ventilators."-'  Any  patient 
effort  during  flow-limited  breaths  will  only  result  in  a  de- 
crease in  airway  pressure  since  additional  flow  above  what 
is  set  is  not  available."1"4  This  can  produce  a  significant  im- 
posed load  on  the  ventilator),'  muscles.  In  contrast,  any  pa- 
tient effort  during  a  pressure-limited  breath  will  result  in 
an  increase  in  flow  but  no  change  in  airwa)  pressure.65,68  A 
patient's  flow  demands  are  thus  theoretically  more  readily 
met  by  a  pressure-limited  breath  strategy.61,65  The  capabili- 
ty of  adjusting  the  rate  of  rise  of  airway  pressure  during 
pressure-limited  breaths  further  enhances  control  of  this 
variable.67"8 

(iii)  Cycling.  On  current  systems,  gas  delivery  can  be  ter- 
minated by  set  volume,  set  time,  or  set  flow."-'  With  volume 
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or  time  cycling,  continued  patient  effort  is  ignored  by  the 
machine  and  this  can  lead  to  the  patient's  pulling  against  a 
closed  inspiratory  flow  valve.  Conversely,  active  expiratory 
efforts  by  the  patient  with  volume  or  time  cycling  result  in 
elevation  in  airway  pressure  that  can  result  in  automatic 
breath  termination  in  association  with  a  high  pressure 
alarm  limit.  Flow  cycling  gives  the  patient  more  control 
than  breath  cycling.62,65,66  Usually  flow  cycling  is  set  to 
occur  at  25  percent  of  peak  flow.  Increasing  patient  effort 
can  thus  delay  cycling  such  that  more  gas  is  delivered. 
Conversely,  decreasing  efforts  (or  even  initiation  of  expira- 
tory efforts)  cause  these  flow  criteria  to  be  met  earlier  and 
thus  a  smaller  volume  of  gas  is  delivered  over  a  shorter  pe- 
riod. Synchrony  between  end  of  patient  effort  and  end  of 
pressure  limiting  is,  however,  not  assured  even  with  flow 
cycling.66  Depending  on  the  strength  of  patient  efforts  vs 
set  pressure  on  respirator)'  mechanics,  and  on  the  flow 
level  at  which  cycling  occurs,  pressure  may  continue  be- 
yond the  patient's  inspiratory  effort  (thereby  interfering 
with  expiration)  or  may  terminate  prematurely  before  end 
of  patient  effort. 

2.  Response  of  Patient  Efforts  to  Ventilator  Settings: 
Ventilator  settings,  such  as  Vj,  flow  rate,  and  pattern  with 
flow-limited  volume-cycled  breaths,  or  the  pressure  level 
and  rate  of  pressure  rise  with  pressure-limited  breaths  are 
capable  of  the  following:  (1)  altering  the  activity  of 
mechanoreceptors  in  the  airways,  lungs,  and  chest  wall; 
(2)  altering  blood  gas  tensions;  and  (3)  eliciting  respirato- 
ry sensations  in  conscious  or  semiconscious  patients.65"'1  In 
turn,  these  can  alter  the  rate,  depth,  and  timing  (Ti,Te)  of 
respiratory  efforts  through  neural  reflexes,  chemical  con- 
trol (chemoreceptors),  and  behavioral  responses.  These 
changes  in  patient  effort  may  modify  expected  responses 
to  changes  in  ventilator  settings.  These  modications  may 
take  several  forms,  including  the  following:  (1)  failure  of 
Vg  or  Vt  to  change  in  the  expected  direction  or  to  the  ex- 
pected magnitude  as  ventilator  settings  are  changed  to  in- 
crease or  decrease  these  variables;  (2)  periodic  breathing, 
with  periods  of  apnea,  as  Prjos  cycles  around  the  CO;>  set 
point;  (3)  loss  of  synchrony  between  patient  and  ventila- 
tor; and  (4)  changes  in  ventilatory  demand  (increase  or 
decrease)  as  a  result  of  altered  level  of  consciousness  (fol- 
lowing a  change  in  ventilator  settings)  or  of  changes  in 
mechanoreceptor  output  (acting  via  reflex  or  behavioral 
mechanisms).  There  are  very  few  systematic  studies  on  the 
effect  of  various  changes  in  ventilator  settings  on  pattern 
of  patient  effort.  This  information  is  needed  particularly 
with  the  current  shift  in  emphasis  from  controlled  ventila- 
tion methods  to  patient-interactive  methods  (eg,  PSV). 

Section  5:  Complications  of 
Mechanical  Ventilation 

Although  mechanical  ventilation  offers  vital  life  sup- 
port, its  use  can  result  in  untoward  or  life-threatening  side 
effects.7"  Many  such  hazards  can  be  modified  or  avoided  by 
appropriate  attention  to  the  technique  of  implementation. 


Interventions  associated  with  mechanical  ventilation  in- 
clude airway  intubation,  application  of  positive  pressure  i<> 
the  respiratory  system,  provision  of  supplemental  oxygen, 
imposition  of  unnatural  breathing  patterns,  and  the  ad- 
ministration of  sedative  or  paralytic  agents. 

A.   Complications  of  Airway  Intubation 

Endotracheal  intubation  is  usually  performed  trans- 
nasally  or  transorallv.  The  nasal  route  provides  a  more  sta- 
ble artificial  airway  and  allows  mouth  closure,  improving 
comfort  in  some  patients.  However,  a  bleeding  diathesis  is 
a  contraindication  to  nasal  intubation.  Moreover,  because 
a  nasal  tube  is  generally  smaller  than  its  oral  counterpart, 
it  presents  greater  flow  resistance  and  may  impede  extrac- 
tion of  retained  secretions  from  the  central  airways.71 
Sinusitis  is  a  potential  complication  of  ostial  occlusion  and 
impeded  drainage  by  the  nasal  tube. 

The  artificial  airway  allows  potential  pathogens  to  enter 
the  trachea  from  the  external  environment,  dramatically 
increasing  the  risk  of  nosocomial  pneumonia.7"71  More- 
over, disruption  of  the  coughing  mechanism  and  mucocil- 
iary escalator  encourages  retention  of  airway  secretions. 
Endotracheal  tubes  prevent  aspiration  of  gross  particu- 
lates, but  permit  pharyngeal  secretions  to  enter  the  tra- 
chea via  the  interstices  of  the  balloon  cuff,  frequently  re- 
sulting in  tracheal  colonization  and  increasing  the  risk  of 
nosocomial  pneumonia. 

Tube  misplacement  and  dislocation  occur  frequently. 
Although  intubation  of  the  right  or  (less  frequently)  left 
main  bronchus  most  commonly  occurs  at  the  time  of  intu- 
bation, head  movement  may  cause  the  tube  orifice  to  mi- 
grate 2  cm  in  either  direction  from  its  neutral  position 
along  the  tube  axis.  Overdistention  of  the  ventilated  lung 
and  hypoventilation  or  atelectasis  of  the  nonintubated 
lung  are  especially  likely  to  occur  in  the  heavily  sedated  pa- 
tient receiving  PPV.  Hypoxemia,  barotrauma,  and  cardio- 
vascular compromise  may  result.  Inadvertent  extubation  is 
among  the  most  dangerous  complications  associated  with 
mechanically  ventilating  a  physiologically  unstable  patient; 
consequently,  disoriented  and  uncooperative  patients 
should  be  made  as  comfortable  as  possible,  but  they 
should  be  securely  restrained. 

Glottic  injury  often  occurs  during  unusually  difficult  or 
emergencv  intubation.  Glottic  edema  and  minor  erosive 
lesions  of  the  vocal  cords  occur  commonly  during  pro- 
longed intubation.  Postextubation  glottic  dysfunction  and 
lasting  damage  to  the  vocal  cords  may  occur,  especially 
among  women  and  among  those  patients  in  whom  large 
tubes  are  placed.  Risk  factors  for  tracheal  erosion,  glottic 
stenosis,  tracheal  dilatation,  and  tracheomalacia  are  not 
precisely  defined;  however,  cuff  pressures  that  exceed  cap- 
illary perfusion  pressure  (=  25  cm  H2O)  are  likely  to  >  him 
ischemic  ulceration  and  more  advanced  forms  of  mucosal 
damage.71  In  the  absence  of  reliable  guidelines  to  indicate 
optimal  timing,  most  practitioners  reserve  tracheostomy 
for  those  patients  who  are  not  making  clear  and  stead) 
progress  after  2  to  3  weeks  of  therapy  or  for  those  with  sus- 
pected abnormality  of  the  upper  airway.  Tracheostomy  af- 
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fords  reduced  Vd,  partially  restores  glottic  function,  im- 
proves secretion  clearance,  enhances  comfort,  and  holds 
the  potential  to  allow  both  oral  feeding  and  verbal  com- 
munication. It  may  be  associated,  however,  with  life-threat- 
ening complications  such  as  tracheal  erosion,  tracheo- 
innominate  artery  fistula  (hemorrhage),  and  extraluminal 
migration  of  the  tube  orifice  in  the  early  postoperative  pe- 
riod. Stomal  granulation  or  stenosis  are  frequent  problems 
after  decannulation. 

B.   Complications  ofPPV 

During  PPV,  the  lungs  and  chest  wall  distend,  intratho- 
racic pressure  rises,  and  the  lungs  are  often  exposed  to 
high  inspired  fractions  of  oxygen.  In  the  setting  of  ARDS, 
for  example,  Pao2  is  improved  by  providing  high  fractional 
concentrations  of  inspired  O9  and  by  raising  mean  and 
end-expiratory  alveolar  pressures.  Each  of  these  interven- 
tions has  an  associated  risk-benefit  ratio.  Although  consid- 
erable experimental  data  have  been  accumulated,  detailed 
clinical  information  is  not  yet  available  regarding  which 
oxygen  concentrations,  pressures,  and  ventilation  patterns 
are  safe  to  apply  for  extended  periods. 

1.  Barotrauma:  For  adult  patients,  flow-limited,  volume- 
cycled  ventilation  using  large  Vxs  (10  to  15  ml/kg),  rapid 
inspiratory  flow  rates,  and  PEEP  when  needed  to  adjust 
lung  volume  has  previously  been  the  standard  of  practice 
in  managing  most  problems  of  ventilatory  support.72 
Widely  held  objectives  of  ventilation  have  given  priority 
to  "normalizing"  arterial  blood  gas  values  and  ensuring 
adequate  oxygen  delivery.  Until  recently,  respiratory  sys- 
tem pressures  have  been  monitored,  but  not  tightly  con- 
strained. 

There  is  little  doubt  that  high  ventilating  pressures  and 
excessive  regional  lung  volumes  are  damaging.  All  forms  of 
barotrauma  that  have  been  described  previously  in  the  pe- 
diatric literature,  including  interstitial  and  subcutaneous 
emphysema,  pneumomediastinum,  pneumoperitoneum, 
pneumopericardium,  pneumothorax,  tension  cysts,  sys- 
temic gas  embolism,  and  damage  similar  to  bronchopul- 
monary dysplasia,  have  now  been  recognized  in  adult  pa- 
tients, as  well.  Susceptibility  to  barotrauma  may  vary  with 
the  stage  of  the  disease  process;  pressures  well  tolerated 
during  the  earliest  stage  of  illness  may  prove  excessive  later 
on.73  Many  forms  of  barotrauma  occur  with  increased  fre- 
quency after  ventilation  for  extended  periods,  especially  in 
patients  with  ARDS. 

It  has  been  shown  in  a  variety  of  animal  models  that  ven- 
tilation with  high  Vts  or  high  PAP  can  induce  or  extend 
acute  lung  injury.74"80  In  previously  normal  lungs,  such 
damage  is  characterized  by  granulocyte  infiltration,  hya- 
line membranes,  and  increased  vascular  permeability. 
Fibroblast  proliferation  follows  over  a  period  of  days.7-' 
Such  lung  injury  occurs  with  peak  inspiratory  pressure 
(PIP)  as  low  as  30  cm  H^O  in  normal  sheep,"'  and  with  PIP 
as  low  as  20  cm  FUO  in  rabbits  whose  lungs  have  been 
lavaged  with  saline  solution.7'1  There  are  also  suggestions 
from  the  experimental  literature  that  ventilatory  pattern 
influences  the  incidence  and  severity  of  injury,  but  further 


evidence  is  needed,  and  an  optimal  pattern  has  not  been 
defined.79 

Although  ARDS  has  previously  been  considered  a  prob- 
lem of  diffuse  lung  injury  and  a  generalized  increase  of  tis- 
sue recoil,  it  now  appears  that  the  radiographic,  densito- 
metric,  and  mechanical  consequences  of  ARDS  are  hetero- 
geneous.:,SK'-  In  severe  cases,  the  inflation  capacity  of  the 
lungs  may  be  less  than  one  third  of  normal. ,8  The  compli- 
ance and  fragility  of  tissues  comprising  the  aerated  com- 
partment in  patients  with  ARDS  may  be  closer  to  normal 
than  previously  envisioned,  especially  in  the  earliest  phase 
of  this  disease.  It  is  currently  believed  that  ventilator)'  pat- 
terns that  apply  high  transalveolar  stretching  forces  cause 
or  perpetuate  tissue  edema  and  damage.74"7679  Some  ex- 
perimental data  suggest  that  large  Vjs,  themselves,  may 
also  extend  tissue  edema,  independent  of  the  maximal 
pressure  to  which  the  alveolus  is  exposed. 7r'K"  It  not  clear, 
however,  that  large  Vjs  are  injurious  when  peak  alveolar 
pressures  are  kept  below  35  cm  H_>0  and  sufficient  PEEP  is 
used  to  prevent  widespread  alveolar  collapse  and  thereby 
maximize  respiratory  system  compliance.  Use  of  small  Vjs 
that  avoid  tissue  overdistention  and  the  acceptance  of  any 
consequent  elevation  of  Paco-j  (permissive  hypercapnia) 
have  been  suggested  to  minimize  the  risk  of  barotrauma  in 
patients  with  asthma  and  ARDS.37'H:,K4  Although  it  remains 
unproved,  some  data  suggest  that  periodic  inflations  with  a 
relatively  large  volume  may  be  needed  to  avert  collapse  of 
unstable  lung  units  when  very  small  Vjs  and  low  levels  of 
PEEP  are  used.777985  In  animal  models,  recruitment  of 
lung  volume  by  adequate  amounts  of  PEEP  can  substan- 
tially reduce  the  ventilator-associated  lung  injury  resulting 
from  high  PIP.77-""  As  yet,  such  application  has  not  been 
shown  to  have  a  similar  benefit  in  patients. 

Strategies  that  prevent  the  exposure  of  the  lung  to  high 
pressures  (limiting  overdistention)  and  those  that  lower 
the  Ve  requirement  may  be  associated  with  less  ventilator- 
induced  tissue  injury  and  improved  outcome.  Such  ap- 
proaches include  permissive  hypercapnia,1'-84  pressure- 
controlled  ventilation,86  and  pressure-limited,  volume-cy- 
cled ventilation.87  Based  on  the  experimental  literature, 
maximal  transalveolar  pressure  should  not  exceed  30  to  35 
cm  H'jO  during  each  tidal  cycle. 74-75,79  (This  usually  corre- 
sponds to  35  to  45  cm  EUO  end-inspiratory  static  [plateau] 
pressure,  depending  on  chest  wall  compliance.)  In  certain 
experimental  settings,  even  pressures  lower  than  this  have 
been  associated  with  tissue  injury,  especially  when  applied 
for  extended  periods.  It  may  be  desirable  to  allow  spon- 
taneous ventilatory  efforts  whenever  it  is  possible  to  do  so 
without  incurring  an  excessive  breathing  workload  or  un- 
balancing the  VoL./Do:>  relationship.  These  modes,  which 
include  intermittent  mandatory  ventilation  (IMV),  pres- 
sure support,  airway  pressure  release  ventilation  (APRV),88 
bi-level  airway  pressure,  intermittent  mandatory  pressure 
release  ventilation  (IMPRV),89  CPAP,9"  and  various  modes 
applied  without  airway  intubation  (noninvasive  ventila- 
tion), tend  to  reduce  maximal  transalveolar  pressure  but 
do  not  guarantee  a  reduced  incidence  of  barotrauma. 
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Adjunctive  measures  to  conventional  ventilation  aimed 
at  enhancing  tissue  oxygen  delivery  or  increasing  CO2  re- 
moval (extracorporeal  [ECCO2R]  or  intracaval  [IVOX] 
gas  exchange91  tracheal  gas  insufflation,8*  high-frequency 
ventilation  [HFV])  decrease  the  exposure  of  the  lung  to 
high  pressures  (and  volumes)  and  may,  at  times,  allow  bet- 
ter gas  exchange  than  is  otherwise  possible.  The  success  of 
these  hazardous  methods  depends  heavily  on  the  skill  with 
which  they  are  applied.  At  the  present  time,  their  utility  for 
general  medical  practice  must  be  considered  unproved. 

2.  Oxygen  Toxicity:  High  fractions  of  inspired  0'_>  (Fioj) 
are  potentially  injurious  when  applied  over  extended  peri- 
ods.92 In  the  laboratory  setting,  tissue  injury  depends  on 
the  FioL»  and  die  duration  of  exposure.  Because  alveolar 
injury  is  an  exponential  function  of  inspired  oxygen  con- 
centration (Fjoj),  even  modest  reductions  in  Fio»  over  the 
range  of  0.6  to  1.0  may  attenuate  tissue  damage.  There  is 
no  convincing  evidence  that  sustained  exposure  to  Fi(),  < 
0.5  causes  tissue  injury,  and,  for  practical  purposes,  most 
clinicians  do  not  attempt  aggressive  measures  to  reduce 
F102  (eg,  vigorous  diuresis,  inotropic  pharmacotherapy, 
high  levels  of  PEEP,  experimental  modes  of  ventilation,  or 
adjunctive  support)  until  the  inspired  O2  concentration 
exceeds  approximately  0.60.  The  combinations  of  O2  con- 
centration and  duration  of  exposure  that  produce  signifi- 
cant damage  have  not  been  firmly  established  in  the  set- 
ting of  critical  illness,  and  may  well  vary  with  disease  type, 
severity,  and  individual  susceptibility. 

3.  Cardiovascular  Complications:  Ventilatory  support 
can  help  restore  the  balance  between  Do2  and  O2  con- 
sumption when  it  alleviates  an  intolerable  breathing  work- 
load. Conversely,  PPV  often  impairs  cardiac  output  by  dis- 
turbing the  loading  conditions  of  the  heart,  as  described 
earlier  in  Section  4,  A-3.93 

Mean  lung  volume  or  MalvP  correlates  best  with  the  ten- 
dency of  a  given  ventilatory  pattern  to  cause  hemodynamic 
compromise.  Under  conditions  of  passive  inflation,  MAP  (as  a 
clinically  measurable  reflection  of  MalvP)  relates  funda- 
mentally to  oxygen  exchange,  cardiovascular  perfor- 
mance, and  fluid  retention.4494  The  importance  of  each  ef- 
fect varies  greatly  in  different  patients.  Mean  airway  pres- 
sure can  be  raised  by  adding  PEEP,  by  extending  the 
inspiratory  lime  fraction  (increasing  I:E  ratio),  or  by  in- 
creasing Ve-  The  tendency  for  an  elevation  of  MAP  to  com- 
promise hemodynamic  performance  is  heightened  by  im- 
paired cardiovascular  reflexes  and  depletion  of  intravascu- 
lar volume.  The  proportion  of  the  alveolar  pressure 
transmitted  to  the  pleural  space  is  determined  by  the  rela- 
tive compliances  of  the  lung  and  chest  wall: 
APpl  =  APalvX  (Cl/[C1+Cw]). 

Therefore,  the  hemodynamic  effect  of  a  given  incre- 
ment in  MalvP  will  be  accentuated  when  the  lungs  are  rela- 
tively compliant  and/or  the  chest  wall  is  stiff.  Hemody- 
namic consequences  are  predictably  less  when  the  patient 
makes  spontaneous  breathing  efforts.  For  these  reasons, 
dynamic  hyperinflation  occurring  in  a  passively  ventilated 
patient  with  severe  airflow  obstruction   produces  auto- 


PEEP  that  is  particularly  likely  to  cause  hemodynamic 
compromise.22,95  Auto-PEEP  can  be  attenuated  by  reduc- 
ing Vg  or  by  reducing  I:E  ratio,  thus  increasing  expiratory 
time. 

Limiting  tissue  demand  for  oxygen  and  maintaining  ef- 
fective cardiovascular  function  are  essential  to  an  effective 
ventilation  strategy.  Recent  studies  suggest  that  survival  in 
overt  sepsis  and  sepsis  syndrome  correlates  with  oxygen  de- 
livery.96-97 At  the  time  of  this  writing,  however,  it  is  not  clear 
whether  therapeutic  interventions  that  attempt  to  maxi- 
mize O2  delivery  (when  it  is  already  in  the  normal  range 
and  there  are  no  overt  signs  of  hypoxia)  or  avoid  depres- 
sion of  cardiac  output  improve  outcome.  Maximizing  O2 
delivery  may  require  expansion  of  intravascular  volume, 
an  intervention  that  has  been  associated  with  adverse  out- 
comes in  patients  with  acute  lung  injury. 

4.  Breathing  Effort  and  Patient-Ventilator  Asynchrony: 
The  use  of  mechanical  ventilation  superimposes  a  clini- 
cian-selected pattern  of  ventilation  on  the  patient's  natural 
breathing  rhythm.  Circuits  that  impose  substantial  resis- 
tance and  machines  that  respond  poorly  to  the  flow  de- 
mands or  cycling  cadence  of  the  patient  may  result  in  dysp- 
nea and  an  unnecessary  breathing  workload.  Factors  that 
have  been  shown  to  increase  the  breathing  workload  dur- 
ing partial  ventilatory  support  include  ET  tube  resistance, 
excessive  triggering  threshold  or  response  delay,  insuffi- 
cient flow  capacity  of  the  ventilator  to  meet  peak  patient 
demands,  and  the  development  of  dynamic  hyperinfla- 
tion. The  latter  gives  rise  to  auto-PEEP,  which  depresses 
the  effective  functional  triggering  sensitivity  and  may  con- 
tribute to  intermittent  failure  of  the  machine  to  respond 
to  patient  effort.98  Inappropriately  slow  inspirator)'  flow 
rates  may  cause  the  patient  to  enter  the  expiratory  phase 
of  the  tidal  cycle  before  the  volume-cycled  breath  from  the 
machine  has  been  completed,  often  resulting  in  conflict 
between  the  natural  and  the  imposed  breathing  rhythms. 
The  magnitude  and  importance  of  these  effects  is  a  direct 
function  of  Ve. 

Pressure-limited  modes  of  ventilation  (eg,  pressure  sup- 
port) are  theoretically  unlimited  with  respect  to  meeting 
maximal  flow  demands;  however,  this  ideal  is  seldom  ac- 
complished in  practice.  Such  modes  often  present  impor- 
tant problems  of  their  own  for  the  vigorously  breathing  pa- 
tient. Pressure  support,  for  example,  although  invaluable 
for  overcoming  ET  tube  resistance  and  for  assisting  the  pa- 
tient with  moderate  ventilatory  requirements,  is  not  well 
suited  to  the  needs  of  a  patient  breathing  at  a  rapid  cycling 
frequency,  one  with  variable  ventilatory  requirements,  or 
one  who  has  a  very  high  airway  resistance  (especially  from 
a  very  small  ET  tube) .  Tidal  volume  can  fall  dramatically  as 
frequency  increases,  especially  in  patients  with  airflow  ob- 
struction. Moreover,  a  fixed  level  of  pressure  support  can- 
not compensate  for  a  change  in  ventilatory  impedance  or 
the  development  of  auto-PEEP.  A  patient  who  requires  a 
high  level  of  pressure  support  when  breathing  at  a  rapid 
rate  mav  find  the  applied  level  of  pressure  excessive  when 
the  ventilatory  requirement  abates. 
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C.  Adverse  Effects  of  Sedation  and  Paralysis 

Sedation  and  paralysis  are  often  required  to  allow  pa- 
tient comfort  and  to  facilitate  the  imposition  of  ventilator)' 
patterns  {eg,  inverse  ratio  ventilation  [IRV])  which  would 
otherwise  conflict  with  the  patient's  own  ventilator)'  pat- 
tern. Sedation  may  result  in  vasodilation  that  contributes 
to  hypotension  and  reduced  cardiac  output.  Paralytic 
agents  immobilize  the  patient,  encouraging  secretion  re- 
tention, atelectasis,  and  muscle  wasting.  With  breathing  ef- 
forts prevented,  such  patients  are  totally  dependent  on  the 
ventilation  set  by  the  clinician  and  provided  by  the  ma- 
chine. Inadvertent  disconnection  of  the  ventilator  circuit 
can  prove  rapidly  catastrophic  in  this  setting.  Certain  neu- 
romuscular blocking  agents  have  been  recently  associated 
with  neuromuscular  weakness  that  persists  long  after  with- 
drawal of  drug  treatment.911  At  present,  it  is  not  certain 
whether  such  effects  relate  primarily  to  the  nature,  dose, 
or  duration  of  the  drug,  to  synergism  with  corticosteroids, 
or  to  the  depth  of  paralysis  itself. 

D.  Other  Complications 

Among  the  wide  variety  of  noncardiopulmonary  compli- 
cations that  have  been  described  for  mechanical  ventila- 
tion, perhaps  the  most  important  involve  mental  distress 
and  dysfunction  of  the  renal,  gastrointestinal,  and  central 
nervous  systems.  Psychological  distress  during  mechanical 
ventilation  is  exceedingly  common,  for  reasons  that  in- 
clude (but  are  not  limited  to)  sleep  deprivation  and  im- 
paired sleep  quality,  pain,  fear,  inability  to  communicate, 
and  the  use  of  drugs  (eg,  benzodiazepines)  with  dissocia- 
tive properties. 

Renal  dysfunction  during  PPV  is  believed  to  be  a  conse- 
quence of  reduced  circulating  blood  volume.  This  tends  to 
alter  perfusion  of  the  renal  parenchyma,  redistribute  in- 
trarenal  blood  flow,  release  antidiuretic  hormone,  or  in- 
hibit atrial  natriuretic  peptides.  In  any  event,  reduced  free 
water  clearance  and  generalized  fluid  retention  are  com- 
monplace during  ventilation  with  high  pressures. 

Gastrointestinal  consequences  of  mechanical  ventilation 
include  gut  distention  (due  to  air  swallowing),  hypomotil- 
ity,  and  obstipation  (due  to  pharmacologic  agents  and  im- 
mobility), vomiting  (due  to  pharyngeal  stimulation  and 
motility  disturbances),  and  mucosal  ulceration  and  bleed- 
ing. Serious  dysfunction  of  the  liver  that  occurs  as  a  direct 
consequence  of  mechanical  ventilation  is  rare.  However, 
PEEP  has  been  associated  with  hyperbilirubinemia  and 
mild  elevations  ofliver  enzyme  levels  in  the  serum,  possi- 
bly related  to  altered  hepatic  perfusion  and  impeded  ve- 
nous and  biliary  drainage. 

Increased  intrathoracic  pressure  can  elevate  jugular  ve- 
nous and  intracranial  pressures,  and  thereby  reduce  cere- 
bral perfusion  pressure.  Such  effects  assume  particular  im- 
portance in  the  setting  of  reduced  mean  arterial  pressure 
and  reduced  intracranial  compliance  resulting  from  head 
injury  or  surgical  intervention.  The  risk  of  intracranial  hy- 
pertension in  patients  ventilated  with  high  MAPs  is  attenu- 
ated by  conditions  that  limit  transmission  of  alveolar  pres- 


sure to  the  pleural  space  (low  ratio  of  lung  to  chest  wall 
compliance). 

Section  6:  Specific  Modes  of  Ventilation 

A.  Standard  Modes 

1.  Introduction:  Assisted  modes  of  ventilation  are  those 
in  which  part  of  the  breathing  pattern  is  contributed  or 
initiated  by  the  patient.  The  work  of  breathing  performed 
by  the  patient  is  never  abolished,  and  one  of  the  difficul- 
ties for  the  physician  is  to  determine  the  appropriate  set- 
tings to  match  the  patient's  demand,  both  in  terms  of  gas 
exchange  and  work  of  breathing.  The  main  reasons  for 
using  assisted  modes  in  the  ICU  are  the  following:  (1)  to 
synchronize  patient  and  ventilator  activity;  (2)  to  reduce 
the  need  for  sedation;  (3)  to  prevent  disuse  atrophy  of  the 
respirator)'  muscles;  (4)  to  improve  hemodynamic  toler- 
ance of  ventilatory  support;  and  (5)  to  facilitate  the  wean- 
ing process. 

Significant  differences  exist  among  ventilators  concern- 
ing demand-valve  sensitivity  and  opening  delav,  the  algo- 
rithm for  pressure  support  (PS)  (rise  in  pressure,  mecha- 
nism, and  criteria  for  cycling  from  inspiration  to  exhala- 
tion, plateau  pressure),  flow-impedance  characteristics  of 
the  expiratory  circuit,  and  equipment.  A  great  deal  of  data 
obtained  experimental!)'  and  in  patients  suggest  that  these 
differences  may  alter  the  work  of  breathing.55,58,100  Man)'  of 
the  proposals  listed  below  may  be  modified  by  the  quality 
of  the  equipment  used. 

2.  Assist-Control  (A/C):  This  is  a  mode  of  ventilation  in 
which  ever)'  breath  is  supported  by  the  ventilator.  A  back- 
up control  ventilatory  rate  is  set;  however,  the  patient  may 
choose  any  rate  above  the  set  rate.  Until  recently,  most 
ventilators  using  this  mode  delivered  breaths  that  were  vol- 
ume cycled  or  volume  targeted.  Using  volume-targeted, 
A/C  ventilation,  the  Vr,  inspiratory  flow  rate,  flow  wave- 
form, sensitivity,  and  control  rate  are  set.  Most  of  the  data 
in  the  literature  concerning  A/C  were  obtained  with  this 
mode.25,42,63,101  Pressure-limited  or  pressure-targeted  A/C 
in  which  pressure  level,  Ti,  control  rate,  and  sensitivity  are 
set  is  now  available  on  several  ventilators. 

Advantages:  Assist-control  ventilation  combines  the  se- 
curity of  controlled  ventilation  with  the  possibility  of  syn- 
chronizing the  breathing  rhythm  of  patient  and  ventilator, 
and  it  ensures  ventilatory  support  during  even'  breath. 

Risks  or  Disadvantages:  (1)  Excessive  patient  work  oc- 
curs in  cases  of  inadequate  peak  flow  or  sensitivity  setting, 
especially  if  ventilatory  drive  of  the  patient  is  increased 
(volume-targeted  A/C);25,42,101  (2)  it  may  be  poorly  tole- 
rated in  awake,  nonsedated  subjects  and  can  require  seda- 
tion to  ensure  synchrony  of  patient  and  machine  cycle 
lengths;  (3)  it  ma)'  be  associated  with  respiratory  alkalosis; 
(4)  it  may  potentially  worsen  air  trapping  in  patients  with 
COPD;  and  (5)  if  pressure-targeted  A/C  is  used,  there  is 
risk  of  variable  (and  potentially  markedly  decreased)  \'j 
during  changes  in  lung  impedances,  patient  ventilatory 
drive,  or  patient-ventilator  dyssynchrony. 
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Patient  work  of  breathing  or  effort  during  volume-tar- 
geted A/C  is  dependent  upon  sensitivity,  flow  rates  (flow 
rate  lower  than  40  L/min  should  probably  be  avoided), 
and  respiratory  drive  of  the  patient.  This  is  dependent  on 
many  stimuli,  including  fever,  anemia,  hypoxia,  pain,  hy- 
povolemia, level  of  consciousness,  etc.  Since  patient  work 
is  dependent  on  the  ability  of  the  ventilator  to  rapidly  rec- 
ognize patient  effort  and  provide  sufficient  flow  to  meet 
inspiratory  demand,  the  set-up  of  the  ventilator  may  play 
an  important  role  in  the  patient's  tolerance  of  this 
mode.63101  With  pressure-targeted  A/C,  the  ventilator, 
once  triggered,  provides  sufficient  flow  to  allow  the  set 
pressure  plateau  level  to  be  achieved  rapidly.  As  a  result, 
concern  with  excessive  patient  work  is  potentially  mini- 
mized in  pressure-targeted  A/C. 

3.  Synchronized  Intermittent  Mandatory  Ventilation 
(SIMV):  Synchronized  IMV  is  a  mode  of  ventilation  and  a 
mode  of  weaning  that  combines  a  preset  number  of  venti- 
lator-delivered mandatory  breaths  of  predetermined  Vj 
with  the  facility  for  intermittent  patient-generated  spon- 
taneous breaths.102103  Similar  to  A/C,  several  ventilators 
offer  the  possibility  of  delivering  pressure-targeted  breaths 
instead  of  volume-targeted  breaths  during  mandatory  cy- 
cles. Mandatory  breaths  can  be  patient  triggered  with 
SIMV;  however,  if  patient  effort  is  not  sensed  within  a  spe- 
cific period,  the  ventilator  delivers  a  mandatory  breath. 
Pressure  support  (see  below)  may  be  applied  during  non- 
mandatory  breaths. 

Set-Up  Parameters.  These  include  Vt,  flow  rate  and/or 
Ti,  frequency  of  controlled  breaths,  and  sensitivity.  When 
pressure-targeted  breaths  are  used,  pressure  level  and  Ti 
must  be  set. 

Advantages.  (1)  The  patient  is  able  to  perform  a  vari- 
able amount  of  respirator)'  work  and  vet  there  is  the  securi- 
ty of  a  preset  mandatory  level  of  ventilation;  (2)  SIMV  al- 
lows for  a  variation  in  level  of  partial  ventilatory  support 
from  near-total  ventilatory  support  to  spontaneous  breath- 
ing; and  (3)  can  be  used  as  a  weaning  tool.102 

Risks.  With  IMV,  there  are  risks  of  dyssynchrony  be- 
tween the  patient  effort  and  machine-delivered  volume. 

With  SIMV  the  risks  are  as  follows:  (1)  hyperventilation 
and  respiratory  alkalosis  are  possible,  similar  to  A/C.  (2) 
Excessive  work  of  breathing  due  to  the  presence  of  a  poor- 
ly responsive  demand  valve,  suboptimal  ventilator  circuit 
(its  impedance  will  vary  with  the  particular  ventilator 
used),  or  inappropriate  flow  delivery  could  occur.  In  each 
case,  extra  work  is  imposed  on  the  patient  during  sponta- 
neous breaths.  This  work  can  be  minimized  or  abolished 
with  the  addition  of  pressure  support.  (3)  Worsening  dy- 
namic hyperinflation  has  been  described  in  patients  with 
COPD. 

The  total  work  (or  power)  performed  by  the  patient  is 
dependent  on  the  number  of  mandatory  breaths.  It  was 
initially  thought  that  the  effort  performed  by  the  patient 
was  virtually  zero  during  mechanical  breaths.  However,  re- 
cent data  suggest  that  the  muscular  effort  of  the  dyspneic 
patient  during  machine-assisted  breaths  does  not  van-  sub- 


stantially from  the  unassisted  cycles  on  a  breath-to-breath 
basis,  ie,  at  the  same  overall  level  of  ventilator  support,  ef- 
fort is  more  or  less  independent  of  whether  or  not  the 
breath  is  assisted."4  The  work  of  breathing  may  also  vary 
with  the  addition  of  pressure  support  during  spontaneous 
cycles  and  with  the  use  of  pressure-targeted  mandatory 
breaths.  There  has  been  no  demonstrated  advantage  of 
using  IMV  or  T-piece  trials  in  terms  of  reducing  weaning 
duration.104105 

4.  Pressure  Support  Ventilation  (PSV):  Pressure  support 
ventilation  is  a  pressure-targeted,  flow-cycled,  mode  of  ven- 
tilation in  which  each  breath  must  be  patient  triggered.  It 
is  used  both  as  a  mode  of  ventilation  during  stable  ventila- 
tory support  periods  and  as  a  method  of  weaning  pa- 
tients.5565106"111 It  is  primarily  designed  to  assist  sponta- 
neous breathing,  and  therefore  the  patient  should  have  an 
intact  respiratory  drive. 

With  PSV,  at  the  onset  of  inspiration,  the  pressure  rises 
rapidly  to  a  plateau  that  is  maintained  for  the  remainder  of 
inspiration.  The  patient  and  ventilator  work  in  synchrony 
to  achieve  the  total  work  of  each  breath.  On  most  ventila- 
tors, termination  of  inspiration  occurs  when  a  flow  thresh- 
old is  reached  during  the  decelerating  phase  of  inspiratory 
flow.  That  is,  the  breath  is  flow  cycled  to  exhalation  (this 
has  been  made  possible  by  incorporating  pneumotacho- 
graphs in  the  ventilators).  To  avoid  confusion,  it  should  be 
stressed  that  the  difference  with  pressure-targeted  A/C, 
described  above,  is  that  termination  of  inspiration  is  differ- 
ent: it  is  time  cycled  for  pressure-targeted  A/C  (ie,  the  T[  is 
fixed) ,  whereas  it  is  flow  cycled  for  pressure  support,  ie,  air- 
way pressurization  always  stops  before  reaching  the  zero 
flow,  and  inspiratory  duration  is  dependent  on  patient's 
effort. 

Set-Up  Parameters.  These  include  pressure  level  and  sen- 
sitivity. No  mandatory  PS  rate  is  set;  however,  many  ventila- 
tors incorporate  volume-targeted  back-up  modes  in  the 
event  of  apnea.  In  some  ventilators,  it  is  possible  to  adjust 
the  rate  of  rise  in  pressure  at  the  beginning  of  inspiration 
or  to  adjust  the  flow  threshold  for  cycling  from  inspiration 
to  expiration. 

Advantages.  (1)  As  a  result  of  the  patient  having  signifi- 
cant control  over  gas  delivery,  overt  dyssynchrony  is  less 
likely  than  with  A/C  or  SIMV'.  When  the  PS  level  is  chosen 
appropriately,  this  mode  is  generally  regarded  as  comfort- 
able for  most  (but  not  all)  spontaneously  breathing  pa- 
tients.65106 (2)  Pressure  support  ventilation  reduces  the 
work  of  breathing  roughly  in  proportion  to  the  pressure 
delivered  and  is  associated  with  a  decrease  in  respiratory 
frequency  and  increase  in  Vr  with  increasing  levels  ol 
pg  f.5.106.108  xhese  breathing  pattern  characteristics  may  be 
useful  in  selecting  the  appropriate  PS  level.  (3)  Pressure 
support  ventilation  can  be  used  to  compensate  for  the 
extra  work  produced  by  the  ET  tube  and  the  demand 
valve.107,108  (4)  It  allows  for  a  wide  variation  in  the  level  of 
partial  ventilatory  support  from  nearly  total  ventilatory 
support  (high  pressure  levels)  to  essentially  spontaneous 
breathing.  (5)  Pressure  support  ventilation  may  be  useful 
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in  patients  who  are  "difficult  to  wean."  Preliminary  data 
suggest  either  no  difference  when  compared  with  other 
modes  or  a  shorter  weaning  duration  and  a  higher  success 
rate  in  selected  patients  using  pressure  support. 

Disadvantages.  Tidal  volume  is  not  controlled  and  is  de- 
pendent on  respiratory  mechanics,  cycling  frequency,  and 
synchrony  between  patient  and  ventilator.  Therefore,  care- 
ful monitoring  is  recommended  in  unstable  patients;  a 
back-up  Ve  seems  necessary  for  safety;  hypoventilation  may 
develop  during  continuous-flow  nebulizer  therapy.  Pres- 
sure support  ventilation  mav  be  poorly  tolerated  in  some 
patients  with  high  airway  resistances  because  of  the  preset 
high  initial  flow-  and  terminal  inspiratory  flow  algorithms. 
This  may  be  improved,  however,  with  adjustment  of  initial 
flow  rates,  which  is  possible  on  new  systems.67'68 

Work  of  Breathing.  Increasing  PS  levels  decrease  respira- 
tory effort  as  indicated  by  a  number  of  changes  in  breath- 
ing pattern.  This  mode  can  be  combined  with  SIMV111112 
and  has  been  used  to  compensate  for  the  additional  work 
of  breathing  due  to  the  ET  tube  and  the  demand  valve, 
adding  PS  (5  to  10  cm  HiO)  during  the  nonmandatory 
breaths.1"7  "1S  Higher  levels  of  PS  can  also  be  used,  combin- 
ing mandatory  and  supported  breaths.  At  the  present 
time,  clinical  studies  are  lacking  to  demonstrate  the  superi- 
ority of  one  mode  of  partial  ventilator)'  assistance  over  oth- 
ers. Pressure  support  has  been  widely  accepted  in  many 
ICUs,  and,  for  some  physicians,  it  seems  to  be  the  most 
useful  modality  for  delivering  assisted  ventilation  either  as 
full  ventilatory  support  or  as  a  mode  for  gradually  with- 
drawing mechanical  ventilation.  For  others,  it  is  a  useful 
adjunct  to  existing  modes. 

5.  Continuous  Positive  Airway  Pressure  (CPAP):  Con- 
tinuous positive  airway  pressure  is  a  mode  designed  to  ele- 
vate end-expiratory  pressure  to  levels  above  atmospheric 
pressure  to  increase  lung  volume  and  oxygenation.113  A 
constant  positive  airway  pressure  is  supplied  by  the  ventila- 
tor throughout  the  ventilatory  cycle;  all  breaths  are  spon- 
taneous. It  is  also  proposed  as  a  means  of  reducing  the 
pressure  gradient  between  the  mouth  and  the  alveoli  in 
patients  with  air  trapping.41-59  It  is  designed  to  assist  spon- 
taneously breathing  patients  and  therefore  requires  an  in- 
tact respiratory  drive. 

Until  recently,  two  main  types  of  CPAP  systems  were 
used.  Those  offered  by  most  mechanical  ventilators  work 
via  a  demand  valve  that  needs  to  be  opened  to  deliver  the 
gas  to  the  patient.  This  demand  valve  is  pressure  triggered 
or  flow  triggered.  Other  specially  designed  systems  work 
on  the  principle  of  a  continuous  high  flow  of  pressurized 
gas  in  the  external  circuit  from  which  the  patient  can 
breathe  spontaneously.  The  advantage  of  the  first  system  is 
that  ventilator  monitoring  is  still  available,  but  the  major 
drawback  is  that  work  of  breathing  is  increased  by  the  pres- 
ence of  a  demand  valve.  A  continuous-flow  system  is  incor- 
porated in  some  mechanical  ventilators  in  an  attempt  to 
combine  the  advantages  of  the  two  previous  systems.47114 
In  this  mode,  an  adjustable,  constant  flow  of  gas  is  continu- 
ously delivered  in  the  external  circuit  during  the  expirato- 


ry phase.  Both  the  inspiratory  flow  and  the  expiratory  flow 
are  measured  and  compared  by  the  machine.  A  difference 
between  these  two  flow  rates  indicates  to  the  ventilator  that 
inspiration  or  expiration  is  occurring,  leading  to  an  adjust- 
ment in  the  delivered  flow  rate. 

Set-Up  Parameters.  These  include  pressure  level  and  sen- 
sitivity; level  of  negative  pressure  (demand  valve  system)  or 
flow  threshold  and  basal  flow7  rate  (continuous-flow  sys- 
tems and/or  flow-triggered  systems). 

Advantages.  CPAP  offers  the  benefits  of  PEEP  to  spon- 
taneously breathing  patients.  It  will  improve  oxygenation  if 
hypoxemia  is  in  part  secondary  to  decreased  lung  volume; 
it  may  recruit  collapsed  lung  units,  minimizing  the  work  of 
breathing  and  improving  oxygenation.  It  may  help  to  re- 
duce the  work  of  breathing  in  patients  with  dvnamic  hy- 
perinflation and  auto-PEEP. 

Recent  data  suggest  that  the  work  of  breathing  is  re- 
duced with  systems  incorporating  a  continuous-flow  system 
in  comparison  to  demand  valve  systems.47114 

Risks.  Hyperinflation  and  excessive  expiratory  work  mav 
result  if  excessive  CPAP  levels  are  used.  Poor  clinical  toler- 
ance may  increase  inspirator)'  work  of  breathing,  if  hyper- 
inflation is  produced  or  if  nonthreshold  PEEP  devices  are 
used.  There  will  be  increased  expiratory  work  if  hyperinfla- 
tion is  produced  or  if  PEEP  devices  with  large  flow  resis- 
tances are  used.  The  use  of  demand  valves  with  intubated 
patients  receiving  CPAP  may  lead  to  patient-ventilator 
dyssynchrony. 

This  mode  can  be  used  in  intubated  patients  as  well  as 
nonintubated  patients  (eg,  patients  with  sleep  apnea).  Al- 
though inspiration  is  not  really  assisted,  modern  ventila- 
tors deliver  a  small  level  of  pressurization,  ie,  a  1  to  3  cm 
H-jO  level  of  pressure  support,  to  avoid  negative  airway 
pressure  relative  to  the  end-expiratory  level  during  inspira- 
tion. It  is  not  clear,  however,  whether  this  has  a  significant 
clinical  effect.n8 

6.  Seivo-Con  trolled  Modes:  Servo-controlled  modes  are 
used  both  for  ventilation  and  for  weaning  patients.  The 
basic  principle  is  the  use  of  a  feedback  system  to  control  a 
specific  variable  within  a  given  narrow  range."5"117  The 
ventilatory  mode  is  either  SIMV'  or  PSV.  The  targeted  pa- 
rameter is  set  by  the  physician  and  can  be  either  Ve  or  a 
component  of  the  breathing  pattern  (respirator)'  rate,  Vj). 

Examples  of  servo-controlled  modes  include  the  follow- 
ing: 

(i)  Mandatory  Minute  Ventilation  (MMV).  MMV  relies 
on  a  patient's  spontaneous  breathing  to  meet  a  predeter- 
mined Ve.  If  this  goal  is  not  met,  mechanical  breaths  at 
predetermined  volume  are  delivered  with  a  rate  sufficient 
to  supply  the  required  V'e.  Here  the  targeted  parameter  is 
Ve-  In  some  ventilators  used  to  implement  MMV,  the  basic- 
mode  is  SIMV;  in  others,  it  can  be  PSV. 

(ii)  Servo-Controlled  PSV  (With  the  Exception  of  MMV). 
The  underlying  mode  is  PSV  and  the  targeted  parameter  is 
respiratory  rate  or  Vr.  If  the  targeted  value  is  not  met,  the 
ventilator  can  either  modify  the  pressure  target  level  or  the 
way  the  breath  is  cycled.  The  regulation  of  the  targeted 
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variable  varies  among  ventilators.  It  can  take  different 
forms:  volume-assured  PS,  pressure  augumentation,  vol- 
ume support,  pressure-supported  breaths,  and  volume- 
assisted  breaths. 

(iii)  Knowledge-Based  Systems.  More  complex  systems 
have  been  implemented  in  microcomputer-driven  ventila- 
tors and  are  being  studied  or  are  already  used  for  the  rou- 
tine treatment  of  patients  in  specialized  centers.'1"*1-" 
These  systems  have  been  proposed  to  help  in  the  treat- 
ment of  patients  with  ARDS  or  to  automatically  wean  pa- 
tients from  mechanical  ventilation.  At  the  present  time, 
none  of  these  systems  is  commercially  available. 

Advantages  include  adaptation  of  the  ventilator  to  the 
needs  of  the  patient.  These  systems  try  to  combine  the  ad- 
vantages of  a  partial  ventilators'  support  with  the  variability 
in  the  needs  of  the  patient. 

Disadvantages  include  the  following:  (1)  The  algorithm 
may  induce  nonphysiological  breathing  patterns.  (2)  The 
adequate  target  value  can  be  difficult  to  adjust  (eg,  ade- 
quate level  of  Ve  for  MMV).  (3)  Measurement  of  Ve  may 
give  false  information  if  breathing  pattern  is  not  consid- 
ered (rapid  shallow  breathing  may  go  unrecognized).  The 
published  data  and  clinical  experience  with  these  modes 
are  minimal. 

B.  Alternate  Modes  of  Ventilation 

1.  Introduction:  During  the  last  decade,  a  new  concept 
has  emerged  regarding  acute  lung  injury.  In  severe  cases 
of  ARDS,  only  a  small  part  of  the  lung  parenchyma  re- 
mains accessible  to  gas  delivered  by  the  mechanical  venti- 
lator. This  is  widely  known  as  the  "baby  lung'  concept.  As  a 
consequence,  Vr  of  10  ml/kg  or  more  may  overexpand 
and  injure  the  remaining  normally  aerated  lung  parenchy- 
ma (see  Section  5,  B-l )  and  could  worsen  the  prognosis  of 
severe  acute  respiratory  failure  by  extending  nonspecific 
alveolar  damage.1'-1  Because  lung  volumes  and  airway  pres- 
sures relationships  are  determined  by  the  respiratory  P-V 
curve,  and  because  the  apparent  "stiffness"  of  ARDS  lung 
appears  related  to  the  fraction  of  aerated  lung,  rather  than 
to  a  generalized  increase  in  elastic  recoil,  the  specific  compli- 
ance of  the  remaining  aerated  lung  parenchyma  may  be  nearly 
normal.  High  airway  pressures  may  result  in  overdistention 
and  local  hyperventilation  of  more  compliant  parts  of  the 
ARDS  lung.19  Overdistention  of  lungs  in  animals  has  pro- 
duced diffuse  alveolar  damage.7'12'-  There  are  also  data  in 
the  literature  suggesting  that  ventilation  using  relatively 
low  end-expiratory  pressures  (less  than  the  inflection 
point  [opening  pressure]  of  the  pressure-volume  curve) 
causes  progression  of  lung  injury  in  animal  models  of 
ARDS.123  This  is  the  reason  why  alternative  modes  of  me- 
chanical ventilation — all  based  on  a  reduction  of  end- 
inspiratory  airway  pressures  and/or  Vt  delivered  to  the  pa- 
tient and  some  based  on  ventilation  between  the  lower  and 
upper  inflection  points  of  the  P-V  curve — have  been  devel- 
oped and  are  clinically  used  by  many  physicians  caring  for 
patients  with  severe  forms  of  acute  respiratory  failure. 
Three  of  them,  HFV,  IRV,  and  airway  pressure  release  ven- 
tilation (APRV),  will  be  described  in  this  section.  Since,  to 


our  knowledge,  there  are  no  data  demonstrating  the  supe- 
riority of  these  nonconventional  ventilatory  modes  in 
terms  of  morbidity  and  mortality,  only  their  physiologic  ra- 
tionale and  their  putative  advantages  and  disadvantages 
will  be  presented. 

2.  High-Frequency  Ventilation  (HFV):  High-frequcm  \ 
ventilation  is  the  administration  of  small  Vj — 1  to  3 
ml/kg — at  high  frequencies — 100  to  3,000/min.124  Be- 
cause it  is  a  mode  of  mechanical  ventilation  based  on  a 
marked  reduction  in  Vt  and  airway  pressures,  it  has  the 
greatest  potential  for  reducing  pulmonary  barotrauma. 
Mechanisms  of  gas  transport  change  from  conventional 
bulk  flow  [Va  =  (/)  (Vj  -Vd)]  to  other  types  when  Vt  <  Vd. 
Proposed  mechanisms  include  coaxial  flow,  Taylor  disper- 
sion, pendelluft,  and  augmented  molecular  diffusion. 
Under  these  conditions,  the  (/)  (Vt)  product  is  usually 
much  higher  than  during  conventional  mechanical  venti- 
lation and  Va  appears  to  be  more  influenced  by  Vr  than  f. 
There  are  a  number  of  different  types  of  HFV.  The  three 
most  common  are  high-frequency  oscillation,  high-fre- 
quency PPV,  which  is  used  in  anesthesia,  and  high-fre- 
quency jet  ventilation  (HFJV),  which  is  used  both  in  anes- 
thesia and  in  critically  ill  patients  with  acute  respiratory 
failure.  HFJV  is  the  only  high-frequency  mode  routinely 
used  to  ventilate  patients  with  ARDS,  mainly  in  Europe. 
Convincing  comparative  data  concerning  the  advantages 
of  HFJV  over  conventional  mechanical  ventilation  (CMV) 
have  been  presented  in  the  following  limited  number  of 
clinical  studies.  There  is  no  agreement,  however,  that 
HFJV  is  better  than  CMV  in  these  situations:  in  ARDS  pa- 
tients with  circulatory  shock,125  in  cardiac  patients  with  low 
cardiac  output  state, 12h  and  in  patients  with  tracheomala- 
cia, BPF,  and  tracheoesophageal  fistula.127 

In  one  well-controlled  multicentered  clinical  trial  (the 
HIFI  trial),  high-frequency  oscillation  was  found  not  to  be 
superior  to  CMV  in  ventilation  of  neonates  with  infant  res- 
piratory distress  syndrome,  but  this  study  has  been  criti- 
cized because  of  the  lack  of  a  volume  recruitment  proto- 
col.84 In  a  number  of  animal  studies,  ventilation  above  the 
inflection  point  is  required  for  the  beneficial  effects  of 
HFV;128129  HFV  may  need  to  be  implemented  early  in  the 
course  of  the  disease  to  be  effective. 

Because  of  the  risk  of  gas  trapping  related  to  expiratory 
flow  limitation,  HFV  is  generally  contraindicated  for  asth- 
ma and  COPD.  Although  some  European  groups  routinely 
use  HFJV  in  combination  with  low  Vt  conventional  ventila- 
tion to  treat  patients  with  severe  forms  of  ARDS  (8  to  10 
tidal  volumes  per  minute  of  3  to  4  ml/kg  superimposed  on 
HFJV) ,  there  are  no  convincing  data  demonstrating  the  su- 
periority of  this  method  of  mechanical  ventilation  in  terms 
of  pulmonary  barotrauma  and  mortality.  It  must  be  point- 
ed out  that  the  only  prospective  randomized  study  com- 
paring HFJV  with  conventional  ventilation,  which  was  per- 
formed in  a  nonhomogeneous  population  of  cancer  pa- 
tients with  ARDS,  did  not  demonstrate  any  significant 
advantage  for  one  or  the  other  method.13"  HFJV  can  be 
safely  administered  in  the  clinical  setting  of  the  ICU  ac- 
cording to  the  following  guidelines: 
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(i)  Clinicians  must  be  very  familiar  with  the  technique 
(ventilator)' settings,  types  of  injection,  humidification). 

(ii)  Like  all  other  forms  of  HFV,  HFJV,  when  adminis- 
tered for  periods  longer  than  8  h,  requires  adequate  hu- 
midification of  delivered  gases  or  severe  necrotizing  tra- 
cheobronchitis can  occur.131  Because  the  pressure  drop 
across  the  injection  system  is  very  large  (the  operating  pres- 
sures are  between  1  and  3  atmospheres,  whereas  MAP  is  between  1 
and  30  cm  H2O),  gas  expansion  occurs  within  the  trachea 
causing  cooling.  Therefore,  specially  designed  devices  for 
providing  adequate  humidification  during  HFJV  are  re- 
quired. One  such  device  is  a  specially  constructed  high- 
temperature  vaporizer.127  Many  detrimental  effects  of 
HFJV  are,  in  fact,  due  to  inadequate  humidification. 

(iii)  The  effects  of  ventilator  parameters  related  to  air- 
way pressures  and  Vr  are  reasonably  well  understood. 
Respiratory  effects  of  changing  ventilatory  settings  are 
markedly  influenced  by  the  patient's  respiratory  mechan- 
ics. Increasing  I:E  ratio  and  driving  pressure  increase  FRC 
and  Vt.  Increasing  respiratory  frequency  markedly  de- 
creases Vt  and  increases  Paco>  and  has  minimum  effect  on 
FRC  in  patients  with  stiff  lungs.132  The  more  compliant  the 
respiratory  system,  the  larger  the  increase  in  FRC  induced 
by  increasing  I:E  ratio,  driving  pressure,  and  respiratory 
frequency. 

(iv)  Mean  airway  pressure  should  be  continuously  moni- 
tored using  an  intratracheal  catheter  located  at  least  5  cm 
below  the  injection  site.  It  has  been  demonstrated  in  ex- 
perimental133 and  clinical  conditions134  that  MAP  mea- 
sured during  HFJV  is  a  reasonably  good  reflection  of 
MalvP  in  patients  without  significant  obstruction. 

(v)  There  is  a  large  body  of  evidence  in  various  animal 
models  that  HFV  is  most  effective  in  diseases  with  stiff 
lungs  when  applied  following  a  volume  recruitment  ma- 
neuver. The  aim  is  to  ventilate  the  lung  at  a  pressure  above 
the  inflection  point,  yet  at  pressures  sufficiently  low  not  to 
cause  high  pressure  (or  volume)  damage  to  the  lung,135 
This  approach  has  been  used  in  neonates  with  success, 
but,  to  date,  these  clinical  trials  have  been  relatively  small. 

Potential  Risks.  Due  to  the  large  flow  rates  used  and  the 
fact  that  gas  transport  is  less  well  understood,  HFV  is  inher- 
ently more  dangerous  than  CMV.  Outflow  obstruction  can 
rapidly  lead  to  increases  in  lung  volume  and  attendant 
hemodynamic  compromise  and  barotrauma.  Air  trapping 
due  to  the  high  flow  rates  is  always  of  concern,  especially  in 
patients  with  compliant  lungs  and  airways  obstruction.  Air 
trapping  can  be  assessed  by  measuring  airway  opening 
pressure  under  static  conditions  after  airway  occlusion,  by 
monitoring  esophageal  pressure,  or  by  measurements  of 
lung  volume  obtained  at  the  chest  wall  (eg,  inductive 
plethysmography).  Inadequate  humidification  can  induce 
severe  necrotizing  tracheobronchitis  as  described  above. 

3.  Inverse  Ratio  Ventilation  (IRV):  Inverse  ratio  ventila- 
tion is  the  use  of  I:E  ratio  >  1:1  during  CMV.87  There  are 
two  different  types  of  IRV:  pressure-controlled  (pressure- 
limited)  IRV,  where  the  ventilator  generates  a  servo-con- 
trolled square  wave  of  pressure  to  the  airways  via  a  deceler- 


ating inspiratory  flow,  and  volume-cycled  IRV,  where  the 
ventilator  generates  a  predetermined  Vt  via  a  constant  or  a 
decelerating  inspiratory  flow.  Flow  profiles  of  appropriate 
length  of  inspiratory  "holds"  or  "pauses"  are  applied  as 
necessary  for  the  desired  I:E  ratio.  Pressure-controlled  IRV 
is  more  widely  used  than  volume-cycled  IRV  in  patients 
with  ARDS.  Since  MAP  is  a  major  determinant  of  Pao-.-  a 
major  part  of  the  rationale  for  using  IRV  in  ARDS  is  to 
maintain  MAP  relatively  high,  but  to  hold  peak  alveolar 
pressure  within  a  safe  range.  The  second  theoretic  concept 
underlying  IRV  is  the  prolongation  of  inspiration  to  allow 
for  recruitment  of  lung  units  with  long  time  constants.  If 
air  trapping  does  not  develop,  MAP  will  increase  without  a 
change  in  PAP  or  Vt.  On  the  other  hand,  if  Ti  is  so  pro- 
longed that  air  trapping  does  develop,  the  resulting  auto- 
PEEP  will  either  raise  PAP  (volume-cycled  IRV)  or  de- 
crease Vt  (pressure-limited  or  pressure-controlled  IRV). 
Indeed,  it  appears  that  many  of  the  reported  advantages  of 
IRV  in  improving  PaoLi  are  related  to  air  trapping  (auto- 
PEEP),  and  that  similar  beneficial  effects  on  oxygenation 
or  O2  transport  may  be  obtained  by  using  conventional  I:E 
ratios  with  sufficient  PEEP  to  obtain  the  same  increase  in 
mean  lung  volume.136137  Deep  sedation  and/or  paralysis 
are  nearly  always  required.  At  present,  there  is  a  lack  of 
convincing  data  to  support  the  advantage  of  IRV  over  con- 
ventional ventilation.  To  our  knowledge,  no  study  has  eval- 
uated the  outcome  or  the  comparative  incidence  of  pul- 
monary barotrauma  in  ARDS  patients  treated  with  IRV  as 
opposed  to  conventional  ventilation.  Nevertheless,  if  IRV 
is  used,  it  can  be  safely  implemented  in  the  criticallv  ill 
with  ARDS,  according  to  the  following  guidelines: 

(i)  Volume-controlled  IRV  may  be  easier  to  implement 
than  pressure-controlled  IRV  since  volume-cycled  modes 
are  often  more  familiar  to  many  clinicians.  This  ventilatory 
mode  guarantees  a  preset  Vt  and  is  available  on  all  ICU 
ventilators. 

(ii)  Deep  sedation  is  required  in  most  patients  under 
IRV  to  avoid  dyssynchrony  with  the  ventilator. 

(iii)  Careful  monitoring  of  PAP  and  end-inspiratory 
plateau  pressure  is  required  during  volume-controlled 
IRV.  The  high  pressure  alarm  should  be  set  at  10  cm  H>0 
above  the  intended  PAP. 

(iv)  Careful  monitoring  of  Ve  is  required  during  pres- 
sure-controlled IRV  because  Vt  is  markedly  dependent  on 
the  patient's  respiratory  mechanics. 

(v)  The  auto-PEEP  level,  which  may  develop  as  the  I:E 
ratio  increases,  should  be  regularly  measured  (see  Section 
4.A-6). 

(vi)  Hemodynamic  status  should  be  assessed  using  a 
Swan-Ganz  catheter  when  IRV  is  implemented. 

These  guidelines  should  help  minimize  the  two  major 
complications  associated  with  the  use  of  IRV:  pulmonary 
barotrauma  and  hemodynamic  deterioration. 

4.  Airway  Pressure  Release  Ventilation  (APRV):  Airwa) 
pressure  release  ventilation  increases  alveola]  ventilation 
by  intermittently  releasing  continuous  positive  pressure 
generated  by  the  ventilator.  In  passive  patients,  APRV  is 
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identical  to  pressure-controlled  IRV;  however,  the  pa- 
tient's ability  to  breathe  spontaneously  during  APRV  cre- 
ates a  markedly  different  intrapleural  pressure  wave- 
form.90138 The  rationale  for  APRV  is  to  limit  PAPs,  thereby 
limiting  barotrauma.  APRV  is  not  intended  for  patients 
with  severe  airflow  obstruction. 

There  are  two  types  of  pressure  release  ventilation: 
APRV  during  which  pressure  release  time  is  preset,139  and 
IMPRV.  Both  are  specifically  designed  for  assisting  sponta- 
neously breathing  patients.90  In  these  modes,  ventilatory 
assistance  is  provided  by  intermittent  changes  in  FRC  relat- 
ed to  changes  in  PEEP.  Comparative  experimental  and 
clinical  studies  have  shown  that  APRV  and  IMPRV  can  im- 
prove alveolar  ventilation  of  animals  and  humans  breath- 
ing with  CPAP,  without  a  deterioration  in  arterial  oxygena- 
tion or  an  increase  in  PAP.901''8  When  compared  with 
CMV,  APRV  was  shown  to  produce  similar  hemodynamic 
effects  at  similar  MAP  in  patients  with  acute  respiratory 
failure.140  Whether  this  type  of  ventilatory  support  has  any 
advantage  over  CMV  with  PEEP  in  terms  of  pulmonary 
barotrauma  is  not  known.  APRV  can  be  provided  by  a 
CPAP  breathing  circuit  in  which  the  CPAP  level  can  be 
modified  by  opening  or  closing  a  release  valve  connected 
to  a  timer. 

IMPRV,  which  has  been  integrated  in  an  ICU  ventilator,90 
provides  end-expiratory  pressure  changes  according  to  the 
patient's  spontaneous  breathing  activity.  Respiratory  mon- 
itoring and  alarms  are  available,  and  each  spontaneous  in- 
spiration can  be  assisted  by  PS.  If  the  patient's  respiratory- 
frequency  increases  above  30/min,  auto-PEEP  becomes  a 
limiting  factor,  and  IMPRV  is  no  longer  an  efficient 
method  of  ventilatory  support. 

During  APRV,  the  following  respiratory  parameters  are 
preset:  upper  and  lower  airway  pressure  levels,  frequency 
of  pressure  release,  and  pressure  release  time.  During 
IMPRV,  the  following  respiratory  parameters  are  preset: 
upper  and  lower  PEEP  levels,  frequency  of  PEEP  changes, 
and  sensitivity  of  the  trigger.  Ventilatory  assistance  is  maxi- 
mum when  PEEP  is  changed  in  each  of  two  spontaneous 
respiratory  cycles  and  can  be  progressively  decreased  by 
spacing  PEEP  changes  (PEEP  release  every  2,3,4,5,6  cycles 
etc  ...  spontaneous  expiration).  Whether  this  type  of  venti- 
latory assistance  can  facilitate  weaning  of  patients  with 
acute  respiratory  failure  is  not  known. 

Section  7:  Discontinuation  of  Mechanical 
ventilation 

A.   What  Is  It ,  and  When  Does  It  Begin  t 

Weaning  has  been  defined  as  the  process  whereby  me- 
chanical ventilation  is  gradually  withdrawn  and  the  patient 
resumes  spontaneous  breathing.141  Within  the  daily  ver- 
nacular of  the  ICU.  most  clinicians  do  not  employ  the 
term  weaning  in  the  strict  sense,  but  rather  they  use  it  to 
include  the  overall  process  of  discontinuing  ventilator  sup- 
port. To  enhance  communication  between  investigators 
and  clinicians,  it  may  be  wise  to  drop  the  term  weaning, 


and  replace  it  by  a  term  such  as  discontinuation  of  me- 
chanical ventilation.  This,  in  turn,  could  be  subdivided 
into  different  categories  depending  on  the  pace  of  the  dis- 
continuation process — these  terms  could  replace  older, 
less  precise  terminology  such  ,is  the  "fast  wean"  and  "slow 
wean."  Alternatively,  the  term  discontinuation  could  be 
used  to  describe  disconnecting  the  patient  from  the  venti- 
lator over  a  short,  predefined  time  limit,  while  weaning 
refers  to  the  more  gradual  process:  unfortunately,  the  di- 
viding line  between  these  two  processes  is  arbitrary  with  no 
obvious  basis. 

It  has  become  increasingly  difficult  to  define  the  precise 
time  at  which  the  discontinuation  process  commences.  It 
was  relatively  easy  to  define  this  time  in  the  past  when  vol- 
ume-cycled A/C  ventilation  and  T-tube  trials  were  the  sole 
or  predominant  method  of  treating  patients.  With  the 
widespread  use  of  IMV  and  PSV  in  modern  ICUs,  it  has  be- 
come increasingly  difficult  to  define  the  precise  time  at 
which  these  modes  are  no  longer  being  used  as  the  prima- 
ry mode  of  ventilator  support  and  are  being  adjusted  to  as- 
sist with  the  discontinuation  process.  In  an  ICU  setting, 
ventilator  support  is  typically  initiated  because  of  an 
episode  of  acute  respiratory  failure.  In  general,  most  clini- 
cians would  consider  it  imprudent  to  start  a  discontinua- 
tion process  until  there  is  evidence  of  significant  resolu- 
tion of  the  initial  precipitating  illness.  Unfortunately,  rig- 
orous physiologic  or  clinical  indices  have  never  been 
proposed  to  help  to  define  this  time.  This  largely  relates  to 
the  lack  of  data  characterizing  the  changes  in  respiratory 
function  from  the  time  that  ventilator  support  is  instituted 
until  the  time  that  it  can  be  safely  withdrawn.  Until  this 
time  can  be  defined  in  clear-cut  objective  terms,  it  is  going 
to  be  extremely  difficult  to  conduct  trials  comparing  the 
efficacy  of  different  techniques  of  discontinuing  mechani- 
cal ventilation. 

B.  Relative  Importance  oj  Pathophysiologic 
Determinants  of  Discontinuation  Process 

There  are  four  major  factors  that  determine  the  ability 
to  discontinue  ventilator  support:  ( 1 )  respiratory  load  and 
the  capacity  of  the  respiratory  neuromuscular  system  to 
cope  with  this  load;  (2)  oxygenation;  (3)  cardiovascular 
performance;  and  (4)  psychological  factors. 

To  our  knowledge,  systematic  studies  have  never  been 
conducted  to  determine  the  relative  importance  of  these 
pathophysiologic  mechanisms.  However,  many  clinicians 
and  investigators  suspect  that  respiratory  muscle  dvsfunc- 
tion  resulting  from  an  imbalance  between  respiratory  neu- 
romuscular capacity  and  load  is  the  most  important  deter- 
minant. Unfortunately,  measurements  of  each  of  the  com- 
ponents included  in  this  balance  have  not  been  syste- 
matically obtained  in  patients  at  the  time  that  ventilator 
support  is  being  discontinued.  Measurements  of  respirato- 
ry center  output  indicate  that  a  depressed  respiratory  drive 
is  rarely  responsible  for  the  inability  to  discontinue  ventila- 
tor support. 14al4:'  Phrenic  nerve  function  is  usually  satisfac- 
tory, except  for  a  small  proportion  of  patients  who  dev  elop 
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problems  following  coronary  artery  bypass  surgery. 
Respiratory  muscle  strength  is  reflected  by  measurements 
of  maximal  inspiratory  pressure.144  Available  evidence  sug- 
gests that  this,  on  its  own,  is  not  an  important  determinant 
of  the  ability  to  resume  and  sustain  spontaneous  ventila- 
tion after  a  period  of  mechanical  ventilation.145  A  number 
of  techniques  can  be  used  to  assess  respiratory  muscle  en- 
durance or  fatigue  in  a  research  laboratory.  None  of  these 
has  ever  been  reliably  applied  in  ventilator-supported  pa- 
tients. Thus,  we  do  not  know  if  respiratory  muscle  fatigue 
ever  occurs  in  patients  who  are  unable  to  resume  sponta- 
neous ventilation  and,  if  it  occurs,  how  important  it  is  in 
determining  clinical  outcome  or  patient  treatment. 
Respiratory  muscle  fatigue  has  been  defined  in  dichoto- 
mous  terms  (present  or  absent),  but  the  impairment  in 
contractility  is  more  likely  to  exist  in  the  form  of  a  continu- 
um. Thus,  it  is  quite  conceivable  that  "mild  fatigue"  per  se 
may  not  seriously  interfere  with  the  process  of  discontinu- 
ing ventilator  support.  This  is  an  area  where  additional  re- 
search is  sorely  needed. 

The  load  on  the  respiratory  system  is  primarily  deter- 
mined by  an  increase  in  respiratory  resistance,  a  decrease 
in  respiratory  compliance,  and  the  presence  of  auto-PEEP, 
which  poses  an  additional  threshold  load.  Each  of  these 
factors  could  produce  a  marked  increase  in  respiratory 
work  and  interfere  with  the  process  of  discontinuing  the 
ventilator.  Although  measurements  of  respirator)'  work 
have  been  obtained  in  patients  at  the  time  of  discontinu- 
ing mechanical  ventilation,  most  studies  contain  signifi- 
cant methodologic  flaws.141  Even  allowing  for  these  limita- 
tions, it  is  doubtful  that  a  single  threshold  value  of  respira- 
tory work  can  reasonably  discriminate  between  patients 
who  are  able  to  successfully  sustain  spontaneous  ventila- 
tion and  those  requiring  continued  ventilator  support.  In 
particular,  there  is  a  tremendous  need  for  research  defin- 
ing the  precise  interplay  between  respiratory  load  and  res- 
piratory muscle  performance  in  such  patients.  Such  knowl- 
edge would  be  important  not  only  in  elucidating  the 
mechanisms  responsible  for  the  inability  to  resume  sponta- 
neous ventilation,  but  it  would  also  help  in  guiding  opti- 
mal ventilator  support  prior  to  the  discontinuation  at- 
tempts. 

Although  mechanical  ventilation  is  commonly  instituted 
because  of  problems  with  oxygenation,  this  is  rarely  a 
cause  of  difficulty  at  the  time  that  mechanical  ventilation  is 
being  stopped,  largely  because  ventilator  discontinuation 
is  not  contemplated  in  patients  who  display  significant 
problems  with  oxygenation. 

Research  into  the  discontinuation  of  ventilator  support 
has  primarily  focused  on  factors  affecting  the  respiratory 
system.  Although  impaired  cardiovascular  performance 
has  significant  impact  on  the  respiratory  system  (decreas- 
ing Oj  supply  to  the  respiratory  muscles,  increasing  respi- 
ratory work  secondary  to  pulmonary  edema,  and  hypox- 
emia as  a  result  of  a  low  mixed  venous  O?  tension),  re- 
markably few  studies  have  examined  the  role  of  cardio- 
vascular performance  as  a  determinant  of  the  ability  to  re- 
sume successful  spontaneous  ventilation.141'  In   patients 


with  known  coronary  artery  disease,  significant  cardiovas- 
cular impairment  reflected  by  a  marked  increase  in  pul- 
monary artery  occlusion  pressure  has  been  documented  at 
the  time  of  resuming  spontaneous  ventilation.  This  is  an- 
other area  where  much  research  is  required,  both  in  pa- 
tients who  require  ventilator  support  primarily  because  of 
cardiovascular  problems,  and  in  patients  without  obvious 
underlying  cardiovascular  disease.  In  particular,  it  is  im- 
portant to  document  the  time  course  of  significant  decom- 
pensation in  such  patients  and  to  determine  if  this  differs 
significantly  from  the  pattern  occurring  in  patients  with  a 
primary  pulmonary  disorder. 

Psychologic  factors  are  a  major  determinant  of  outcome 
in  some  patients,  especially  in  those  patients  who  require 
prolonged  ventilator  support.147  Minimal  research  has 
been  conducted  into  this  important  issue,  and,  thus,  it  is 
difficult  to  state  its  relative  importance  in  determining  the 
ability  to  resume  spontaneous  ventilation. 

C.  Predictive  Indices 

A  wide  variety  of  physiologic  indices  have  been  pro- 
posed to  guide  the  process  of  discontinuing  ventilator  sup- 
port. Traditional  indices  include  the  PaOL>/Flo?  ratio,  the 
alveolar-arterial  Po2  gradient,  maximal  inspiratory  pres- 
sure, VC,  Ve,  and  maximum  voluntary  ventilation.144 14' 
Newer  indices  include  pressure  measured  0.1s  after  occlu- 
sion of  the  airway,  the  f/Vx  ratio,  and  integrative  indices 
such  as  CROP  (an  integrative  index  which  includes  com- 
pliance, rate,  oxygenation,  and  pressure148),  the  pressure- 
time  index,  and  Ve40.143  148149  In  general,  these  indices 
evaluate  a  patient's  ability  to  sustain  spontaneous  ventila- 
tion. They  do  not  assess  a  patient's  ability  to  protect 
his/her  upper  airway.  Indices  of  upper  airway  function 
have  been  developed  for  treating  postoperative  patients, 
but  similar  indices  have  not  been  evaluated  in  critically  ill 
patients. 

There  are  enormous  discrepancies  in  the  literature  on 
the  accuracy  of  indices  in  predicting  successful  discontinu- 
ation of  mechanical  ventilation.  Discordance  is  due,  at 
least  in  part,  to  methodologic  problems  and  differences 
among  studies.  These  include  the  following:  (1)  character- 
istics of  the  patient  population;  (2)  the  method  of  making 
the  measurements;  (3)  reproducibility  of  the  measure- 
ment; (4)  the  method  of  selecting  the  threshold  value  of 
an  index;  (5)  the  method  of  testing  the  accuracy  of  an 
index;  and  (6)  definition  of  end  points  in  the  evaluation 
study. 

As  currently  employed,  predictive  indices  are  most  com- 
monly used  in  evaluating  a  patient  for  extubation.  Mea- 
surement of  these  physiologic  indices  may  suggest  to  a 
physician  that  ventilator  support  can  be  discontinued  at  an 
earlier  time  than  he/she  might  otherwise  have  thought 
possible.  This  may  help  in  decreasing  the  risk  of  complica- 
tions associated  with  mechanical  ventilation.  When  an 
index  suggests  that  resumption  of  sustained  spontaneous 
ventilation  is  unlikely  to  be  successful,  it  can  provide  im- 
portant information  regarding  the  patient's  underlying 
pathophysiologic  stale.  However,  there  is  no  evidence  to 
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suggest  that  a  particular  set  of  physiologic  indices  is  help- 
ful in  guiding  the  selection  of  a  particular  technique  to 
hasten  the  process  of  discontinuing  ventilator  support. 
Accordingly,  at  this  time,  it  is  impossible  to  say  precisely  if, 
and  how,  such  physiologic  indices  should  be  used  in  clini- 
cal decision  making  or  in  the  treatment  of  a  patient  who  is 
still  requiring  ventilator  support. 

It  is  important  to  remember  that  the  condition  of  venti- 
lator-dependent patients  can  vary  considerably  from  day  to 
day.  Thus,  a  patient's  ability  to  successfully  resume  and  sus- 
tain spontaneous  ventilation  should  be  evaluated  on  a  re- 
current basis. 

D.   Techniques  of  Discontinuing  Ventilator  Support 

The  major  techniques  of  discontinuing  ventilator  sup- 
port include  T-tube  trials,  IMV,  and  PSV. 

There  is  considerable  variation  among  clinicians  in  the 
manner  of  applying  T-tube  trials.14115"  Some  clinicians 
continue  maximal  ventilator  support  (eg,  CMV  with  neuro- 
muscular blockade  or  A/C)  up  until  the  point  at  which 
they  believe  that  a  patient  has  a  reasonable  chance  of  extu- 
bation.  This  decision  is  usually  based  on  clinical  examina- 
tion and  measurement  of  physiologic  indices.  At  this 
point,  the  ventilator  is  stopped,  and  the  patient  breathes 
through  a  T-tube  system.  The  duration  of  such  a  T-tube 
trial  has  never  been  standardized,  and  it  varies  from  about 
30  minutes  to  several  hours.  During  the  trial,  a  decision  is 
made  to  extubate  the  patient  (provided  that  problems 
with  upper  airway  protection  are  considered  unlikely)  or 
to  reinstate  ventilator  support.  Some  clinicians  do  not  at- 
tempt another  T-tube  trial  for  >24  h  after  an  unsuccessful 
attempt.  Other  clinicians  employ  intermittent  T-tube  trials 
of  gradually  increasing  duration  (from  5  to  60  min)  inter- 
mittently (eg,  3  to  4  h  apart);  this  is  conducted  on  an  em- 
pirical basis. 

Intermittent  mandatory  ventilation  was  the  first  alterna- 
tive approach  to  T-tube  trials.150,151  IMV  involves  a  gradual 
reduction  in  the  amount  of  support  being  provided  by  the 
ventilator  and  a  progressive  increase  in  the  amount  of  res- 
piratory work  being  performed  by  the  patient.  The  pace  of 
decreasing  the  IMV  rate  is  generally  based  on  clinical  as- 
sessment and  measurement  of  arterial  blood  gas  values, 
but  precise  guidelines  do  not  exist.  As  discussed  elsewhere 
in  this  consensus  conference,  breathing  through  the  de- 
mand valve  of  an  IMV  circuit  can  produce  a  marked  in- 
crease in  the  work  of  breathing  (see  Section  4,  B-3). 

Pressure  support  ventilation  can  also  be  used  to  gradual- 
ly decrease  the  level  of  ventilator  support.1"'- 1M  The  level  of 
PSV  is  gradually  decreased  so  that  a  patient  becomes  in- 
creasingly responsible  for  a  larger  proportion  of  overall 
ventilation.  It  is  commonly  assumed  that  the  level  of  PSV 
can  be  decreased  to  a  low  level  that  will  compensate  for  the 
resistance  of  the  ET  tube  and  circuit,  and  that  the  patient 
can  then  be  extubated  at  that  level  of  PSV.108155'156 
Unfortunately,  there  are  no  simple  parameters  that  can 
predict  the  level  of  PSV  that  compensates  for  this  resis- 
tance in  an  individual  patient. 


A  gradual  approach  to  the  discontinuation  of  mechani- 
cal ventilation  (it:  IMV  or  PSV  vs  abrupt  T-tube  trials)  has 
two  theoretical  advantages:  ( 1 )  the  use  of  less  positive  pres- 
sure (since  these  are  modes  of  partial  rather  than  full  assis- 
tance), and,  thus,  a  potential  for  fewer  pressure-related 
complications,  and  (2)  performance  of  some  level  of  respi- 
ratory work  should  prevent  the  development  of  respiratory 
muscle  atrophy — this  is  mainly  an  advantage  when  con- 
trasted with  a  patient  receiving  CMV'  with  neuromuscular 
blockade,  since  patients  being  treated  with  A/C  (with  or 
without  intermittent  T-tube  trials)  probably  perform  suffi- 
cient work  to  prevent  significant  deconditioning. 

In  addition  to  the  independent  use  of  T-tube  trials, 
IMV,  or  PSV  as  approaches  to  discontinuing  ventilator  sup- 
port, these  techniques  are  frequently  integrated  and  spe- 
cific protocols  defined  for  a  given  patient  in  an  attempt  to 
establish  the  most  optimal  approach.  That  is,  PSV  and  IMV 
have  been  combined,  with  both  gradually  decreased,  or 
the  level  of  one  technique  kept  constant  while  the  other  is 
gradually  decreased.  T-tube  trials  have  also  been  integrat- 
ed with  PSV  and  IMV. 

At  the  present  time  and  to  our  knowledge,  no  study  has  been 
published  that  has  compared  the  optimal  use  of  three  major  tech- 
niques of  discontinuing  mechanical  ventilation. 

E.     Treatment  of  the  Difficult  Patient 

Discontinuation  of  mechanical  ventilation  poses  consid- 
erable difficulty  in  a  significant  proportion  of  patients. 
These  patients  account  for  a  disproportionate  amount  of 
healthcare  costs,  and  they  pose  enormous  clinical,  eco- 
nomic, and  ethical  problems.  In  addition  to  the  factors  al- 
ready discussed,  several  other  issues  need  to  be  considered 
in  these  patients.  Increasing  ventilator  support  at  night  to 
ensure  maximal  rest  is  recommended.  In  a  recent  study, 
the  institution  of  a  ventilator-management  team  was 
shown  to  decrease  the  number  of  ventilator  and  ICU 
days.157  Nutritional  support  needs  to  be  considered  since 
these  patients  are  dependent  on  a  ventilator  for  a  relatively 
long  time.  Uncontrolled,  retrospective  studies  suggest  that 
nutritional  supplementation  can  expedite  the  discontinua- 
tion of  mechanical  ventilation,  but  this  has  yet  to  be  exam- 
ined prospectively.141  Likewise,  respiratory  muscle  training 
appeared  promising  in  an  uncontrolled  study,1™  but  its 
benefit  has  yet  to  be  evaluated  prospectively.  Finally,  a 
prospective  study  of  biofeedback  was  shown  to  be  particu- 
larly beneficial.147  However,  skilled  practitioners  are  not 
widely  available,  and  the  initial  beneficial  findings  in  this 
study  need  to  be  confirmed. 
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Inflation— 1904  Model 


When  general  anesthesia  was  discovered  in 
1846,*  the  practice  of  surgery  exploded  in  many  di- 
rections. Previously  limited  to  procedures  that  the 
surgeon  could  complete  swiftly  with  lightning  slash- 
ing and  stitching  and  that  the  patient  could  tolerate 
with  the  help  of  morphine,  alcohol,  or  "biting  the 
bullet,"  surgeons  could  now  perform  a  variety  of  op- 
erations that  required  longer  periods  of  dissection, 
probing,  excision  and  careful  repair. 

But  this  did  not  include  intrathoracic  operations. 
For  a  variety  of  reasons,1  cardiac  surgery  didn't 
"take  off'  until  almost  100  years  after  Morton  first 
demonstrated  the  use  of  ether,  and  pulmonary  sur- 
gery was  still  pretty  dangerous  business  until  the 
mid-1980s.  The  first  successful  lobectomy  in  man 
was  performed  by  Ferdinand  Sauerbruch  in  1908 
and  the  first  successful  one-stage  pneumonectomy 
by  Evarts  Graham  in  1933;2  before  1933  an  entire 
lung  had  been  removed  from  2  patients,  but  in 
each,  the  surgeon  simply  ligated  the  hilum  of  the 
lung  and  allowed  the  tissue  to  slough  out! 

What  held  back  pulmonary  surgery?  The  main 
problem  seems  to  have  been  pneumothorax  and  in- 
ability of  the  surgeons  to  cope  with  it.  In  1904. 
Sauerbruch,  the  great  German  surgeon,  finally  hit 
Upon  a  way  to  prevent  it.3  His  reasoning  was  simple: 
The  lungs  normally  function  in  a  box,  the  thoracic 
cage,  where  pressure  is  subatmospheric  (negative); 
this  overcomes  the  elastic  recoil  of  the  lungs  and 


*For  practical  purposes,  1846  marked  the  beginning  of  an- 
esthesia for  surgical  operations.  However.  Priestley  noted  the  an- 
esthetic properties  of  nitrous  oxide  in  1776  and  Daw  suggested 
its  use  in  surgical  operations  in  1800;  Faraday  commented  on  the 
anesthetic  properties  of  ether  in  1818  and  Crawford  Long  used 
ethei  anesthesia  in  1842  when  he  excised  a  patient's  tumor 
(Long  did  not  report  his  discovery  until  1849). 

Repi  lined  with  permission  Am  Rev  Respir  Dis  1975;!  12:713-716. 


keeps  them  expanded,  even  at  end-expiration. 
Therefore,  to  avoid  pneumothorax,  all  one  need  do 
is  put  the  patient  (except  for  his  head)  in  a  box  and 
keep  the  box  at  subatmospheric  pressure;  then 
when  the  thorax  is  opened  surgically,  atmospheric 
pressure  acting  on  the  patient's  nose  and  mouth 
outside  the  chamber  will  keep  the  lungs  expanded, 
since  the  lungs  are  within  the  negative  pressure 
chamber. 

Sauerbruch  first  worked  with  animals  and  a  cui- 
rass-type chamber  that  enclosed  only  the  dog's  tho- 
rax; the  chamber  had  2  sleeve-type  openings  that 
permitted  him  to  work  with  both  hands  inside  it.  He 
then  built  a  larger  chamber  that  enclosed  all  of  the 
dog  (except  for  its  head)  and  all  of  the  surgeon;  the 
surgeon  could  now  sit  in  relative  comfort  and  lei- 
surely  open  the  thorax  and  operate  on  the  lung. 
Pressure  within  the  chamber  was  kept  at  10  mm  Hg 
less  than  room  pressure  and  this  pressure  difference 
prevented  the  dreaded  pneumothorax. 

Sauerbruch  was  now  ready  to  operate  on  human 
lungs.  For  this,  he  built  a  special  negative  pressure 
room  that  could  accommodate  the  patient,  the  sur- 
geon, and  the  surgeon's  assistants  (Figure  1).  It 
even  had  an  antechamber  fitted  as  an  air  lock  so 
that  assistants  could  enter  or  leave  the  main  cham- 
ber without  altering  its  negative  pressure  (Figure  2). 
Sauerbruch's  chamber  excited  the  interest  of  sur- 
geons throughout  Europe  and  thoracic  surgeons  in 
Berlin,  Cologne,  Vienna,  St.  Petersburg,  and  other 
medical  centers  soon  installed  this  new  device.  It 
probably  reached  the  ultimate  in  size  in  Willv  Mey- 
er's "Universal  Negative  Pressure  Chamber"  set  up 
in  the  Rockefeller  Institute  in  New  York  City  in 
1909. 4  One  thousand  cubic  feet  in  volume,  it  could 
contain  17  persons  in  all:  the  patient,  the  surgeon, 
the  surgeon's  assistants,  visitors,  an  engineer  to 
maintain  the  air  pressure,  and  2  anesthetists;  the  lat- 
ter, along  with  the  patient's  head,  were  in  a  positive 
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Fig.  1 


pressure    chamber    within    the    negative    pressure 
room! 

Yet,  despite  the  ingenuity  and  inventiveness  of 
those  who  conceived  these  elaborate  devices  that 
captured  the  imagination  of  the  surgical  world,  no 
one  thought  of  ventilation.  Inflation  of  the  lungs,  yes, 
but  ventilation,  the  process  by  which  fresh  air  enters 
alveoli  and  alveolar  air  leaves,  no.  The  only  goal  was 
to  keep  the  lungs  inflated  continuously,  and,  at  all 
costs,  to  prevent  even  temporary  deflation.  True, 
the  patient  could  move  his  thorax  and  continue  to 
make  respirator)'  movements.  However,  the  lung  in 
the  open  hemithorax  remained  motionless  (unless 
air  was  sucked  from  it  into  the  other  lung  during  in- 
spiration) and  respiratory  movements  of  the  lung  in 
the  closed  hemithorax  must  have  been  inadequate 


for  the  exchange  of  02,  and  C02,  considering  the 
handicaps  imposed  by  a  mobile  mediastinum,  deep 
anesthesia,  and  further  depression  of  breathing 
caused  by  reflexes  from  fully  inflated  lungs. 

Since  every  schoolboy  or  schoolgirl  now  learns 
how  to  maintain  ventilation  in  an  apneic  person  by 
repeated  cycles  of  blowing  into  the  patient's  mouth 
and  then  allowing  expired  air  to  escape,  the  neg- 
ative pressure  devices  spawned  by  Sauerbruch  in  the 
early  1900s  are  hard  to  explain.  And  they  are  prac- 
tically inexplicable  when  we  add  that,  in  1543,  An- 
dreas Vesalius  rhythmically  ventilated  the  lungs  of  a 
pig;:'  in  1667,  Robert  Hooke  did  the  same  for  a  dog 
whose  thoracic  cage  had  been  completely  removed;'1 
and  throughout  the  nineteenth  century  physiol- 
ogists used  bellows  and  pumps  to  provide  rhythmic 


Fig.  2 
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artificial   ventilation    for   animals   employed    in    la- 
boratory experiments. 

If  there  was  little  or  no  communication  between 
physiologists  and  surgeons  in  Sauerbruch's  time, 
there  should  have  been  more  between  surgeons  and 
surgeons.  In  1899,  Rudolph  Matas,  professor  of  sur- 
gery at  Tulane  and  an  eminent  thoracic  surgeon, 
wrote  in  the  Annals  of  Surgery: 

The  procedure  that  promises  the  most  benefit  in  preventing 
pulmonary  collapse  in  operations  on  the  chest  is  the  artificial 
inflation  of  the  lung  and  the  rhythmical  maintenance  of  ar- 
tificial respiration  by  a  tube  in  the  glottis  directly  connected 
with  a  bellows.  Like  other  discoveries,  it  is  not  only  elemen- 
tary in  its  simplicity,  but  the  fundamental  ideas  involved  in 
this  important  suggestion  have  been  lying  idle  before  the  eyes 
of  the  profession  for  years.  It  is  curious  that  surgeons  should 
have  failed  to  apply  for  so  long  a  time  the  suggestions  of  the 
physiological  laboratory,  where  the  bellows  and  tracheal  tubes 
have  been  in  constant  use  from  the  days  of  Magendie  (1783- 
1855)  to  the  present,  in  practicing  artificial  respiration  on  an- 
imals." 

In  1893,  Fell  of  Buffalo  described  an  apparatus 
he  devised  to  maintain  artificial  respiration  in  pa- 
tients with  opium  poisoning;  it  was  identical  to  that 
used  in  physiological  laboratories  except  that  it  pro- 
vided the  option  of  using  either  a  tracheal  cannula 
inserted  through  a  tracheotomy  or  a  mask.8 
O'Dwyer  soon  eliminated  the  danger  of  tra- 
cheotomy and  the  inefficiency  of  a  mask  by  using  an 
endotracheal  tube  (devised  in  1880  by  Macewen9). 
O'Dwyer  commented  simply,  "In  the  performance 
of  artificial  respiration  by  any  means,  it  is  important 
to  remember  that  all  we  have  to  do  is  to  get  air  into 
the  lungs,  and  give  it  sufficient  time  and  room  to  es- 
cape, the  power  generated  and  stored  up  in  over- 
coming the  resistance  to  inspiration  being  amply 
sufficient  to  cany  on  expiration."93  The  external 
end  of  O'Dwyer's  endotracheal  tube  had  2  branch- 
es: one  branch  conducted  fresh  air  to  the  lungs 
from  a  foot-operated  bellows  while  the  operator's 
thumb  closed  the  other  branch;  expiration  oc- 
curred when  he  removed  his  thumb.  Matas  rec- 
ommended use  of  the  Fell-O'Dwyer  apparatus  and  it 
was  used  at  least  once  in  1899  by  his  associate,  Par- 
ham,  with  "brilliant"  success,  but  it  never  caught  on. 
Quenu  and  Longuet  used  an  airtight  helmet  and 
positive  pressure  in  1896, 10  and  in  1904,  Brauer  re- 
vived the  Quenu-type  helmet  and  positive  pressure. 
But  both  of  these  techniques  used  continuous  pos- 
itive pressure;  only  Tuflier  and  Hallion,11  working  in 
Francois-Franck's  physiology  laboratory,  ventilated 
the  lungs  rhythmically,  but  no  one  except  Matas 
seems  to  have  paid  attention  to  their  report. 


Today  no  one  uses  large  negative-pressure  cham- 
bers for  intrathoracic  operations.  When  and  why 
did  modern  endotracheal  rhythmic  positive  pres- 
sure ventilation  come  about?  World  War  I  probablv 
had  something  to  do  with  the  elimination  of  these 
cumbersome  chambers  (except  in  Germany,  where 
they  were  still  used  in  the  1930s,  so  great  was  the 
prestige  of  Sauerbruch),  because  they  were  hard  to 
set  up  near  the  front  lines  where  they  were  most 
needed.  The  introduction  of  the  Meltzer-Auer  tech- 
nique, far  simpler  than  any  other,  was  also  respon- 
sible for  the  decline  of  the  negative  pressure  cham- 
ber, although,  curiously  enough,  it  also  ignored  the 
matter  of  gas  exchange.12  This  new  technique  need- 
ed no  boxes,  chambers  or  special  rooms;  all  it  re- 
quired was  an  endotracheal  tube  and  a  source  of 
compressed  air.  When  the  tube  filled  just  enough  of 
the  trachea  and  when  the  pressure  bottle  delivered 
slightly  more  air  to  the  trachea  that  initially  could 
flow  out  between  the  tube  and  the  tracheal  wall,  a 
positive  pressure  developed  in  the  distal  airways  and 
alveoli  that  kept  them  continuously  inflated  when 
the  surgeon  opened  the  thorax.  Although  Meltzer 
and  Auer's  opening  sentence  was,  "The  object  of 
the  function  of  respiration  is  to  supply  the  animal 
with  oxygen  and  to  remove  carbon  dioxide,"  they 
never  measured  blood  Os,  or  C02  and,  because 
their  dogs  recovered,  simply  took  it  for  granted  that 
"under  these  conditions  the  supply  of  oxygen  and 
removal  of  carbon  dioxide  take  place  apparently  in 
physiological  fashion." 

Rhythmic  inflation  of  the  lungs  gradually  re- 
placed continuous  distention.  Crafoord13  credits  his 
former  chief,  KH  Giertz,  with  demonstrating  in 
1914-1916  that  (1)  there  was  no  essential  difference 
in  pulmonary  ventilation  accomplished  by  negative 
versus  positive  pressure  and  (2)  rhythmic  in- 
sufflation during  inspiration  followed  by  free  out- 
flow during  expiration  was  clearly  superior  to  all 
other  methods  of  managing  ventilation  and  pre- 
venting pneumothorax  during  operations  on  the 
lungs.  Other  factors  were  the  introduction  of  direct- 
vision  laryngoscope  by  Chevalier  Jackson,  which 
made  it  far  easier  for  non-experts  to  insert  an  endo- 
tracheal tube;14  the  invention  of  the  first  closed- 
circuit  anesthesia  apparatus  by  Dennis  Jackson,15 
who  designed  it  to  recycle  expensive  anesthetic  gas- 
es and  so  reduce  the  cost  of  anesthesia  to  the  poor; 
the  introduction  of  a  simple  to-and-fro  closed-circuit 
rebreathing  system  by  Ralph  Waters;"'  the  change- 
over from  clinical  anesthesia  to  academic  anesthes- 
iology with  a  strong  research  component;  the  intro- 
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duction  of  rapid  or  even  continuous  methods  for 
measuring  O-,,  and  C02  in  blood  and  air;  and  the 
demonstration  by  Dripps17  and  by  Beecher  and 
Murphy18  of  harmful  effects  of  C02  accumulation 
during  anesthesia,  even  when  hypoxia  was  pre- 
vented by  supplying  high  concentrations  of  02  to 
the  patient. 

What  lessons  can  we  learn  by  using  the  Ret- 
rospectroscope  to  look  at  this  curious  era  of  the 
negative  pressure  chamber?  Several:  (1)  Scientists 
and  clinicians  usually  advance  but  sometimes  retard 
progress.  (2)  An  impressive  piece  of  hardware, 
backed  by  a  highly  prestigious  designer,  can  hold 
back  progress  for  decades.  (3)  It  was  difficult  for 
surgeons  to  understand  (a)  that  a  transpulmonary 
pressure  difference  of  770  minus  760  mm  Hg  in- 
flated the  lungs  the  same  amount  as  one  of  760  mi- 
nus 750  and  (b)  that  because  diffusion  over  long 
distances  is  a  very  slow  process,  adequate  gas  ex- 
change requires  alveolar  ventilation.  (4)  A  trip — in 
either  direction — across  the  street  that  separated  ba- 
sic science  (physics  or  physiology  in  this  case)  from 
clinical  departments  could  have  accelerated  the  ad- 
vent ot  successfull  pulmonary  surgery  by  at  least  50 
years.  (5)  Finally,  what  are  we,  with  our  infinite  wis- 
dom and  magnificent  technical  advances,  doing  to- 
day that  will  appear  primitive,  curious,  or  even  stu- 
pid 50  years  from  now? 

JULIUS  H.  COMROE,  JR. 
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Test  "four 
Radiologic  Skill 


Radiographic  Findings  in  a  Blunt  Trauma  Patient 

Grace  Naclell  BS  and  Frederick  W  Clevenger  MD 


An  85-year-old  woman  was  a  passenger  in  a  car 
that  was  struck  by  a  pick-up  truck  in  a  'T-bone' 
(broadside)  collision  at  an  intersection.  She  sus- 
tained blunt  injuries  to  her  chest  and  abdomen  and 
multiple  fractures  to  her  lower  extremities.  She  was 
alert  and  oriented  immediately  after  the  accident, 
and  was  placed  on  a  long  spine  board  for  immobi- 
lization. The  patient  arrived  at  the  emergency  room 
complaining  of  chest  and  right-leg  pain.  She  was 
transferred  to  the  regional  trauma  center  and  soon 
developed  mild  respiratory  distress.  Her  blood  pres- 
sure was  175/85  and  her  heart  rate  88.  She  was 
mildly  tachypneic  with  a  respiratory  rate  of  28. 
Physical  examination  revealed  no  breath  sounds  in 
the  left  lung  base.  An  upper-abdominal  contusion 
was  apparent,  and  presumed  to  have  been  caused  by 
the  lap  belt;  the  abdomen  was  moderately  tender  to 
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palpation.  Because  of  the  trauma  to  the  abdomen,  a 
diagnostic  peritoneal  lavage  was  performed  but 
showed  no  evidence  of  intra-abdominal  bleeding. 
Cervical-spine  films  were  normal.  The  chest  radio- 
graph taken  at  admission  is  shown  in  Figure  1 . 


Fig.  1.  Portable  anteroposterior  (AP)  chest  radiograph 
taken  shortly  after  patient's  admission  to  the  trauma 
center. 


How  would  you  answer  these  questions? 

What  radiographic  abnormalities  are  present? 


What  pathologic  process(es)  could  explain  these  findings? 


What  tests  are  required  to  establish  the  diagnosis? 


What  action  or  therapy  is  indicated? 


Answers  and  Discussion  on  next  page 
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Answers 

Radiographic  Findings:  The  chest  radiograph  in 
Figure  1  is  annotated  for  Figure  2.  It  shows  the  na- 
sogastric tube  in  the  left  chest — strong  diagnostic 
evidence  for  rupture  of  the  left  diaphragm.  The  out- 
line of  the  stomach  can  be  seen  just  above  the  tip  of 
the  nasogastric  tube.  Because  the  nasogastric  tube  is 
not  evident  within  the  left  main-stem  bronchus  but 
rather  courses  below  the  diaphragm  before  entering 
the  chest,  it  is  clear  that  it  has  not  entered  the  chest 
cavity  by  penetration  of  the  lung  parenchyma.  Also 
evident  on  the  admission  chest  radiograph  are  (1) 
rightward  deviation  of  the  trachea,  (2)  a  widened 
mediastinum,  and  (3)  an  ill-defined  left  aortic  con- 
tour. The  differential  diagnoses  for  this  triad  of  find- 
ings include  compression  of  the  lung  parenchyma 
by  a  diaphragmatic  hernia  and  possible  aortic  rup- 
ture. 


Fig.  2.  This  copy  of  Figure  1  is  annotated  to  show  (a)  zip- 
per, (b)  calcification  of  the  aorta,  (c)  backboard  artifact, 
(d)  one  of  the  many  lower  lateral  rib  fractures  on  the  left 
side,  and  (e)  bra  clasps.  Obviously,  this  patient's  clothing 
had  not  yet  been  removed.  Note  that  the  film  is  hyperlu- 
cent  on  the  right  compared  to  the  left,  but  this  does  not 
represent  a  pneumothorax.  Indeed  it  represents  consoli- 
dation of  lung  and  abdominal  viscera  in  the  left  chest,  cre- 
ating a  more  dense  appearance  throughout  the  left 
hemithorax  as  compared  to  the  right. 

Diagnostic  Confirmation:  The  position  of  the  na- 
sogastric tube  in  the  left  chest  is  diagnostic  for  a 
diaphragmatic  hernia.  No  further  diagnostic  tests 
are  required.  Diagnostic  confirmation  of  a  ruptured 


aorta  is  best  accomplished  by  aortography.  Given 
the  mechanism  of  the  injury,  we  were  concerned 
that  the  patient  may  have  sustained  an  aortic  rup- 
ture. However  she  was  hemodynamically  stable  and 
we  decided  to  proceed  with  exploratory  laparotomy 
and  then  perform  aortography  if  the  radiographic 
abnormality  (widened  mediastinum)  persisted  after 
reduction  of  the  diaphragmatic  hernia. 

Clearly  the  consequences  of  missing  a  blunt  aor- 
tic rupture  are  severe.  Blunt  aortic  injury  if  initially 
survived  carries  a  50%  per  day  mortality  such  that 
by  the  end  of  a  1-week  period  of  time,  few  of  those 
who  initially  survive  are  alive  due  to  late  delayed 
rupture.  However,  because  the  findings  suspicious 
for  aortic  rupture  (deviation  of  the  nasogastric  tube 
to  the  right,  wide  mediastinum,  indistinct  aortic 
knob,  right  apical  capping,  and  tracheal  deviation  to 
the  right)  are  also  seen  in  patients  with  left  di- 
aphragmatic hernia  and  evisceration,  a  decision  was 
made  to  treat  the  known  pathology  prior  to  investi- 
gation of  what  could  prove  to  be  a  spurious  set  of  x- 
ray  findings.  Because  the  only  way  to  definitively 
diagnose  blunt  aortic  rupture  is  aortography,  and  be- 
cause aortography  would  cany  significant  morbidi- 
ty in  a  patient  of  this  age  who  had  just  experienced 
severe  trauma,  we  chose  to  treat  the  identified 
pathology  first  and  see  if  subsequently  the  chest  ra- 
diograph finding  resolved. 

Action  or  Therapy:  Repair  of  a  diaphragmatic  tear 
should  be  initiated  as  soon  as  possible  because  of 
the  risk  of  rapid  cardiopulmonary  deterioration.1 
The  primary  surgical  approach  is  via  laparotomy 
given  the  high  incidence  of  associated  intra-abdom- 
inal injuries.27  A  transthoracic  approach  is  indicat- 
ed to  repair  rupture  of  the  right  hemidiaphragm  if  it 
appears  that  the  liver  may  prevent  access  using  the 
abdominal  approach.  Thoracotomy  also  facilitates 
freeing  of  adhesions  between  bowel  and  lung 
parenchyma  that  occur  in  cases  where  the  diagnosis 
of  traumatic  diaphragmatic  rupture  (TDR)  is  de- 

layed.3,5.8-l] 

Exploratory  laparotomy  in  this  case  revealed  a 
large  diaphragmatic  tear  extending  posteriorly  from 
the  most  lateral  portion  of  the  diaphragm  to  the  gas- 
troesophageal junction.  The  stomach  and  a  portion 
of  the  small  and  large  bowel  within  the  chest  cavity 
were  reduced  to  the  abdominal  cavity  and  the  di- 
aphragmatic tear  closed  with  running  O-prolene  su- 
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ture.  A  3-cm  injury  to  the  wall  of  the  stomach  and 
three  small  spleen  lacerations  were  also  repaired. 
The  postoperative  radiograph  in  Figure  3  shows  a 
clear  mediastinum  of  normal  width  and  correct 
placement  of  the  nasogastric  tube  below  the  surgi- 
cally repaired  left  hemidiaphragm.  Unfortunately, 
the  patient  could  not  be  weaned  from  ventilatory 
support  after  surgery.  Multiple  organ  failure  ensued, 
and  life  support  was  gradually  withdrawn  in  accor- 
dance with  the  patient's  living  will  and  the  wishes 
of  the  family. 


Fig.  3.  Portable  AP  chest  radiograph  taken  after  surgical 
repair  of  a  traumatic  diaphragmatic  hernia.  Note  resolu- 
tion of  the  widened  mediastinum  and  correct  placement  of 
the  nasogastric  tube  below  the  normally  positioned  left 
hemidiaphragm. 

Discussion 

Blunt  trauma  secondary  to  motor  vehicle  acci- 
dents is  the  most  common  cause  of  diaphragmatic 
rupture.91214  The  incidence  of  diaphragmatic  rup- 
ture ranges  from  0.1  to  3%  of  patients  surviving  se- 
vere blunt  trauma.1-61015  During  severe  blunt  trau- 
ma, a  sudden  increase  in  intra-abdominal  pressure 
transmits  enough  force  to  rupture  the  diaphragm. 
Such  trauma  generally  causes  large  (>  10  cm)  radial 
tears.1-416  Visceral  herniation  into  the  chest  cavity 
occurs  as  a  result  of  the  difference  between  the  neg- 
ative intrapleural  pressure  and  the  positive  intra-ab- 
dominal pressure  established  during  respiration. 
The  most  commonly  herniated  organ  in  left-hemidi- 
aphragm  rupture  is  the  stomach,3'61"  although  colon, 
spleen,  small  bowel,17-18  and  omentum4-9"  l9  may 
also  be  involved.  The  liver  most  commonly  herni- 


ates in  cases  in  which  the  right  hemidiaphragm  is 
ruptured.19 

The  majority  of  diaphragmatic  injuries  occur  on 
the  left,  presumably  due  to  the  cushioning  effect  of 
the  liver  on  the  right  diaphragm.517-20  Although 
tears  can  occur  anywhere,  the  posterolateral  portion 
of  the  left  diaphragm  is  most  frequently  affect- 
ed.5"14 This  corresponds  to  an  embryologically  weak 
area  called  the  lumbocostal  trigone  and  is  the  tran- 
sition zone  in  the  diaphragm  between  the  lateral  rib 
cage  and  where  the  diaphragm  attaches  to  the  back." 

The  pathophysiologic  effects  of  TDR  on  circula- 
tory and  respiratory  status  are  due  to  impaired  di- 
aphragmatic function  and  compression  of  lung  tis- 
sue by  herniated  viscera  that  result  in  decreased 
alveolar  ventilation.  Mediastinal  displacement,  also 
caused  by  compression,  can  interfere  with  venous 
return  to  the  heart.2  In  rare  instances,  visceral  herni- 
ation into  the  pericardial  sac  may  lead  to  cardiac 
tamponade.3  Clinical  findings  are  often  nonspecific 
and  may  be  masked  by  the  presence  of  other  life- 
threatening  injuries.  The  most  common  symptoms 
are  chest  pain  and  dyspnea  due  to  the  effects  of  ab- 
dominal viscera  in  the  chest  cavity.2-9  Bowel  sounds 
audible  in  the  chest  are  pathognomonic  for  dia- 
phragmatic hernia.  Other  physical  findings  include 
hypotension,  absent  breath  sounds,  and  hypertym- 
pany  or  hypotympany  of  the  left  chest.  If  large 
amounts  of  the  abdominal  viscera  are  herniated  into 
the  chest,  a  scaphoid  abdomen  may  be  noted. 

Diaphragmatic  rupture  rarely  occurs  as  an  isolat- 
ed finding  because  the  extreme  force  required  to 
rupture  the  diaphragm  is  nearly  always  associated 
with  severe  trauma  that  affects  other  organ  systems. 
Intra-abdominal  injuries  are  most  commonly  associ- 
ated with  TDR  and  can  include  rupture  of  the 
spleen,  liver,  and  kidneys.2-41719  Chest  injuries  in- 
clude lung  contusion  or  laceration,  hemothorax,  and 
pneumothorax.4'7  Severe  flail  chest  suggests  a  di- 
aphragmatic hernia  until  proven  otherwise.2  Frac- 
tures of  the  ribs,  pelvis,  and  long  bones4 -17'21  are  also 
frequently  associated. 

Often  the  diagnosis  of  traumatic  diaphragmatic 
rupture  is  missed.16  Patients  may  present  months  or 
even  years  after  the  traumatic  event  with  signs  and 
symptoms  of  gastrointestinal  obstruction  or  strangu- 
lation. Complications  from  delayed  diagnosis  are 
responsible  for  most  of  the  morbidity  and  mortality 
associated  with  diaphragmatic  rupture.1319  There  - 
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fore,  the  importance  of  prompt  and  accurate  diagno- 
sis of  TDR  cannot  be  overemphasized.  It  is  impor- 
tant to  keep  in  mind  that  positive  pressure  ventila- 
tion can  mask  a  diaphragmatic  hernia  by  preventing 
or  limiting  herniation  of  abdominal  contents  into  the 
chest  cavity.  For  this  reason,  the  chest  radiograph 
must  be  repeated  after  a  patient  with  a  history  of 
blunt  trauma  has  been  taken  off  the  ventilator.17  The 
appearance  of  a  poorly  defined  left  or  right  hemidi- 
aphragm  immediately  after  positive  pressure  is  dis- 
continued suggests  herniation  as  a  result  of  the 
newly  established  pressure  gradients. 

The  most  useful  diagnostic  aid  is  the  chest  radio- 
graph. Radiologic  signs  diagnostic  of  diaphragmatic 
rupture  are  air-  or  fluid-containing  viscera  in  the  left 
or  right  chest  and  a  nasogastric  tube  that  terminates 
in  the  left  lung  field.51618-22  TDR  should  be  suspect- 
ed if  the  diaphragm  is  elevated,  indistinct,  or  irregu- 
lar.414 Opacities  within  the  pleural  cavity  or  a  shift- 
ed mediastinum  may  also  suggest  TDR.27"918  Mis- 
interpretation of  the  chest  radiograph  causes  diag- 
nostic errors  that  may  include  hemothorax,  pneu- 
mothorax, atelectasis,  pulmonary  contusion,  and  an 
elevated  hemidiaphragm  due  to  phrenic  nerve  paral- 
ysis.2 In  the  absence  of  a  definitive  diagnosis,  serial 
chest  radiographs  may  confirm  the  diagnosis. 

A  delay  in  diagnosis  or  misdiagnosis  is  a  fre- 
quent occurrence  due  to  misinterpretation  of  the 
chest  radiograph.  Gelman  et  al16  found  chest  radio- 
graphs to  be  diagnostic  of  left-sided  rupture  in  46% 
of  patients  and  suggestive  of  the  diagnosis  in  anoth- 
er 18%.  When  examined  retrospectively,  however, 
an  additional  18%  of  cases  not  diagnosed  initially 
were  found  to  be  diagnostic  or  strongly  suggestive 
of  TDR.  Clearly,  careful  assessment  of  the  initial  ra- 
diograph is  vital  to  establishing  a  correct  diagnosis. 

When  clinical  and  radiographic  findings  are 
equivocal,  exploratory  laparotomy  has  proven  to  be 
the  most  reliable  method  for  diagnosing  a  diaphrag- 
matic tear.1  It  is  important  to  thoroughly  inspect 
both  leaves  of  the  diaphragm  during  laparotomy  be- 
cause bilateral  or  multiple  unilateral  ruptures  are 
possible.  Though  peritoneal  lavage  is  highly  sensi- 
tive in  assessing  abdominal  trauma,  it  is  unreliable 
in  diagnosing  diaphragmatic  injury.  A  positive  la- 
vage may  result  from  associated  intra-abdominal  in- 
juries and  thus  is  nonspecific  for  diaphragm  rup- 
ture.21 A  falsely  negative  lavage  may  result  from  in- 
significant bleeding  from  the  tear  because  the  torn 


diaphragm  frequently  does  not  bleed.  Further,  herni- 
ation of  injured  organs  into  the  chest  may  prevent 
bleeding  into  the  peritoneal  cavity.1114-23  In  patients, 
with  a  negative  peritoneal  lavage  and  a  suspicious 
chest  radiograph,  injection  of  contrast  media  or  air 
through  the  lavage  catheter  can  help  confirm  the  di- 
agnosis.4'581416-21 Variable  success  has  been  report- 
ed with  the  use  of  computed  tomography.5-13-16-18-20-22 
Although  experience  with  magnetic  resonance 
imaging  is  limited,  its  advantage  over  computed  to- 
mography is  its  ability  to  image  the  coronal  and 
sagittal  planes.1618  Barium  contrast  studies  of  the 
upper  and  lower  gastrointestinal  tract  depend  on 
herniated  viscera  and  are  most  useful  in  delayed 
presentation  of  traumatic  diaphragmatic  hernia.13 
Liver  and  spleen  scans  are  useful  in  the  diagnosis  of 
right-side  diaphragmatic  hernia.8-13-14-24 

The  clinical  and  radiographic  diagnosis  of  TDR 
is  much  more  obvious  in  the  presence  of  herniated 
abdominal  viscera.  However,  many  patients  with 
TDR  do  not  present  with  herniation  and  their  chest 
radiograph  may  be  normal  or  minimally  abnormal. 
It  must  be  kept  in  mind  that  any  patient  who  has  sus- 
tained severe  blunt  trauma  to  the  thorax  and  ab- 
domen may  suffer  a  diaphragmatic  rupture.  A  histo- 
ry of  blunt  trauma  should  cause  the  clinician  to  sus- 
pect TDR.  Careful  interpretation  of  the  initial  chest 
radiograph  is  required  to  accurately  and  promptly 
identify  traumatic  diaphragm  rupture. 
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Eagle  Eye  but  'Picky' — Analysis 
of  Pilbeam  Book  Review 

While  reading  my  August  1993 
issue  of  Respiratory  Care,  I  was 
drawn  to  a  review1  of  Sue  Pilbeam's 
book2  on  mechanical  ventilation.* 
The  review  proved  to  be  lengthy, 
complete,  thorough,  and  meticulous. 
However.  I  also  found  it  to  be 
'picky,'  opinionated,  and  insular — 
the  latter  most  inexcusable  in  a  na- 
tional publication  (ie,  if  we  do  not 
like  it  'at  our  place'  you  should  not 
like  it  wherever  you  are). 

To  avoid  making  my  critique  too 
long,  I  decided  to  tabulate  the  number 
of  type  inches  of  review  devoted  to 
each  of  five  categories: 

1.  Reviewer  opinion — 23.0  in. 

2.  Picky  interpretation  of  words — 
6.5  in. 

3.  Reviewer  wrong  (in  my  opin- 
ion)— 12.5  in. 

4.  Insignificant  or  typographical 
error — 2.0  in. 

5.  Errors  important  for  reader  under- 
standing— 6.5  in. 

I  make  that  42  inches  that  you  did 
not  need  to  hear  that  much  about  to 
8.5  inches  of  information  critical  to 
you  as  a  reader. 

Let  me  elaborate  on  Categories  2, 
3,  and  5. 

Category  2.  After  the  reviewer  has 
written  "the  mistakes  start  to  appear." 
the  review  becomes  liberally  sprin- 
kled with  terms  such  as  "seems  mis- 
placed," "makes  the  section  confus- 
ing," "found  inclusion  distracting." 
"would  seem  more  logical,"  "I  be- 
lieve it  would  be  more  correct,"  "is 
technically  more  correct,"  "we  really 
don't  like  nasotracheal  tubes."  "it 
was  disappointing."  "however,  I  be- 
lieve," "I  believe  this  should  read," 


♦Editors  note:  This  is  not  a  single  author 
book;  Sue  Pilbeam  was  editor  and  con- 
tributor along  with  5  other  contributors. 


and  "I  could  take  issue  with."  Be- 
cause the  efficacy  of  specific  me- 
chanical ventilation  devices  has  been 
so  poorly  documented  in  large-scale 
studies,  discussion  and  dissension  is 
certainly  invited,  but  pickiness 
should  be  avoided  in  professional  re- 
views as  well  as  local  preferences. 
The  lengthy  discussion  of  nasotra- 
cheal tubes  is  an  example.  However, 
the  award  for  'pickiness'  goes  to  the 
3-inch  discussion  of  a  tidal  volume 
range  quoted  as  "10-2500  mL"  rather 
than  "10-2000  mL." 

Category  3.  I  believe  that  the  review- 
er is  wrong  on  these  points: 
— IMV  definition  is  mistakenly  said 
to  be  incorrect  due  to  omission  of  the 
phrase  "breaths  can  be  pressure  con- 
trolled." In  fact,  only  ventilators  with 
SIMV  can  provide  pressure  control 
(semantics). 

— Similar  reasoning  prompted  a  3- 
inch  dissertation  on  PR2s,  Mark  7s, 
and  iron  lungs,  which  I  believe  to  be 
incorrect. 

— The  determination  of  tubing  com- 
pliance is  deemed  wrong  because  of 
the  use  of  peak  pressure  rather  than 
plateau  pressure.  The  reviewer  con- 
fuses static  compliance  determi- 
nations with  tubing  compliance  cor- 
rections to  tidal  volume. 
— An  error  attributed  to  Appendix  K 
follows  the  erroneous  line  of  thought 
that  the  Appendix  is  for  correction  of 
tidal  volume  readings  when  it  actual- 
ly is  for  calculation  of  static  compli- 
ance. 

Category  5.  I  believe  that  the  review- 
er is  correct  and  that  the  following  are 
important  errors: 

— Step  2  of  Chatburn's  ventilator 
classification  should  say  "stay  con- 
stant" rather  than  "change." 
— In  Appendix  A,  the  calculation  of 
alveolar  ventilation  incorrectly  de- 
fines alveolar  volume  and  carries  the 
mistake  into  the  equation. 


— On  Page  344.  a  mistake  involving 
"more  than"  in  place  of  "no  more 
than"  changes  all  meaning  in  the  sec- 
tion, a  small  but  important  deletion. 
— On  Page  72,  the  answer  to 
Question  5  is  miscalculated. 
— On  Page  288.  the  incorrect  calcu- 
lated frequency  is  given  in  Example  2 
(the  Pco^  entered  in  the  formula  is 
wrong). 

— In  Question  3,  Page  465,  18  cm 
H2O  is  converted  to  24.48  mm  Hg 
(multiplied  by  1 .36.  rather  than  divid- 
ed by). 

— The  answer  to  Question  16.  Page 
598  should  be  d  (not  c).  (Actually,  I 
disagree  with  both  and  think  it  should 
be  e.) 

All  in  all,  not  a  bad  record,  in  my 
opinion,  for  a  644-page  book  of  com- 
plicated machines,  formulas,  and  cal- 
culations. 

In  summary,  I  hope  Ms  Pilbeam 
can  get  Ms  Piedalue  to  proofread  her 
next  edition — but  no  review  1 

William  B  Hunt  Jr  MD 

Medical  Director 

Cardiopulmonary  Services 

Craven  Regional  Medical  Authority 

New  Bern.  North  Carolina 
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Ms  Piedalue  responds: 

Dr  Hunt's  letter  clearly  indicates 
that  he  believes  that  Susan  Pilbeam's 
book  on  mechanical  ventilation  de- 
served a  better  review.  While  I  ad- 
mire his  efforts  to  stand  up  for  his  be- 
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liefs,  I  do  not  believe  that  his  state- 
ments are  supported  by  facts  or  refer- 
ences. 

Any  medical  book  written  as  a 
standard  reference  should  always  be 
subjected  to  intense  scrutiny.  Errors 
must  be  recognized  and  corrected. 
Failure  to  do  this  results  in  the  perpet- 
uation of  erroneous  thought  and  ap- 
plication. Ms  Pilbeam's  book  is  a  vic- 
tim of  the  failure  of  this  process.  For 
example,  the  explanation  of  the  expi- 
ratory time  limit  of  the  BEAR  CUB  in 
her  book  is  incorrect.  However,  if  one 
researches  her  reference,1  it  mirrors 
her  book's  statements.  Only  further 
investigation,  the  operation  manual,2 
yields  true  accuracy. 

Dr  Hunt's  comment  about  local 
preferences  highlights  one  of  the 
points  of  the  review.  Local  prefer- 
ences should  not  be  stated  as  fact.  It  is 
the  textbook,  not  the  review,  that 
gives  local  preference  as  fact.  This 
was  the  point  of  the  discussion  on  na- 
sotracheal tubes  that  somehow  Dr 
Hunt  is  misinterpreting.  It  is  the  book 
that  is  saying  you  must  do  it  our  way 
or  you  are  wrong,  not  the  review. 

As  far  as  the  "award  for  pickiness" 
that  he  gives  for  a  "3-inch  discussion 
on  tidal  volume  range" — no  such  dis- 
cussion exists  in  the  review.  He  is 
most  likely  referring  to  the  example 
where  the  Newport  ElOOi  is  used  to 
illustrate  the  problems  with  the  ap- 
pendix. Many  of  the  specifications  of 
the  Newport  ElOOi  were  listed  in 
error.  Tidal  volume  range  was  only 
one  of  them. 

Regarding  Category  3  where  he 
"believes"  that  I  am  wrong — where 
are  his  references?  I  am  not  wrong  on 
the  IMV  definition,'  PR2s,4  iron 
lungs,5  and  tubing  compliance.5  The 
statement  that  only  ventilators  with 
SIMV  can  provide  pressure  control  is 
untrue.  During  my  initial  years  in  res- 
piratory care,  the  PR2  was  the  venti- 
lator used  in  our  emergency  and  re- 
covery rooms.  When  the  PR2  was  set 
at  pressures  >  35  cm  HiO  it  would 
not  flow-cycle  off.4  Hence,  when  we 


set  a  rate  on  our  apneic  patients  they 
were  on  pressure-limited  and  time- 
cycled  ventilation.' 

The  error  in  Appendix  K  is  as 
written  in  the  review.7  The  erroneous 
line  of  thought  on  compliance  is  in 
his  letter,  not  the  review. 

I  agree  that  the  review  was  long, 
but  the  book  contains  644  pages. 
Ironically,  not  only  did  I  not  list  all 
the  mistakes  I  encountered  but  I  also 
shoirtened  the  original  draft.  I  tried  to 
support  my  overall  impression  of  the 
text  with  the  most  important  exam- 
ples. 

I  believe  that  Susan  Pilbeam  is  an 
excellent  author  who  is  on  the  road  to 
creating  a  classic  textbook  on  me- 
chanical ventilation.  However,  objec- 
tive criticism  is  crucial  in  developing 
any  tool  that  is  to  be  used  as  a  stan- 
dard in  our  profession.  I  am  confident 
that  her  next  edition  will  reach  that 
goal. 

Because  some  of  my  references 
are  from  Robert  Chatburn,  I  would 
like  to  borrow  one  of  'his'  quotes  he 
borrowed  from  Thomas  Jefferson:5 

Error  of  opinion  may  be  tolerated  where 
reason  is  left  free  to  combat  it. 

Thomas  Jefferson  (1 743-1826) 

Fran  Piedalue  BS  RRT 

Respiratory  Educator 

University  Hospital 

Denver,  Colorado 
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Pressure  Controller  and  Pressure- 
Controlled  Ventilation 

In  the  book  review1  of  "Mechan- 
ical Ventilation:  Physiological  and 
Clinical  Application,  2nd  ed,"  by 
Susan  P  Pilbeam,  the  reviewer  Ms 
Fran  Piedalue  has  made  statements 
that  may  promote  confusion  related 
to  proper  classification  of  mechanical 
ventilators  and  modes  of  ventilation. 
Ms  Piedalue,  in  her  criticism  of  the 
author's  claim  that  pressure-con- 
trolled ventilation  gained  popularity 
in  the  late  1980s,  states,  "I  believe  it 
would  be  more  correct  to  state  that 
this  mode  regained  popularity.  What 
about  those  patients  ventilated  with 
Bird  and  Bennett  PR  ventilators — not 
to  mention  the  iron  lung?"  Later  on 
Ms  Piedalue  claims  that  pressure- 
controlled  ventilation  was  used  in  the 
60s  and  70s  with  PR-2s  and  Bird 
Mark  7s  and  14s. 

It  appears  that  confusion  exists  in 
the  minds  of  many  respiratory  thera- 
pists about  the  ventilation  delivered 
by  ventilators  that  are  pressure  con- 
trollers and  by  the  newer  mode,  pres- 
sure-controlled ventilation. 

Chatburn  has  done  an  excellent 
job  of  addressing  the  issue  of  ventila- 
tor classification.3  The  Bird  Mark  7s 
and  8s  are  termed  pressure  controllers 
where  inspiration  is  terminated  as 
soon  as  the  preset  pressure  matches 
the  airway  pressure;  or,  according  to 
Chatburn,4  pressure  is  considered  to 
be  an  independent  variable. 

On  the  other  hand,  during  pres- 
sure-controlled ventilation  the  venti- 
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lator  is  set  to  terminate  inspiration 
when  the  preset  inspiratory  time  in- 
terval elapses  (time  cycled).  In  Chat- 
burn's  terms,  again,  pressure  is  an  in- 
dependent variable.  It  is  true  that 
pressure  is  an  independent  variable  in 
both  systems,  reflecting  a  similarity 
between  the  two  systems.  However, 
the  contrast  in  clinical  applications 
and  the  cycling  mechanism  is  so  pro- 
found that  these  two  systems  should 
not  be  even  considered  as  compara- 
ble. Just  imagine  a  novice  therapist's 
suggesting  the  use  of  a  Bird  Mark  7 
to  provide  pressure-controlled  venti- 
lation for  an  ARDS  patient. 

The  ventilation  delivered  by  the 
Bird  Mark  7  can  be  described  as  pres- 
sure or  time-triggered,  pressure-cy- 
cled ventilation,  whereas  that  during 
pressure-controlled  ventilation  is 
pressure  or  time-triggered,  pressure- 
limited,  pressure-controlled,  time-cy- 
cled ventilation.5 

As  described  and  referenced,  by 
Pilbeam,2  pressure-controlled  venti- 
lation is  primarily  used  clinically  in 
critical  conditions  where  lung  me- 
chanics are  severely  compromised 
and  time-cycled,  pressure-controlled 
ventilation  is  required.  On  the  other 
hand,  the  Bird  Mark  7  has  been  em- 
ployed to  deliver  pressure-cycled  ven- 
tilation since  its  inception  and  lately 
its  use  has  been  limited  to  hyperinfla- 
tion therapy. 

Vijay  M  Deshpande  MA  RRT 

Assistant  Professor 

Georgia  State  University 

Atlanta,  Georgia 
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Ms  Piedalue  responds: 

Mr  Deshpande  raises  some  very 
important  points  in  his  letter  that  I 
would  like  to  clarify. 

He  describes  pressure-controlled 
ventilation  (PCV)  as  "pressure  or 
time-triggered,  pressure-limited, 
pressure-controlled,  time-cycled  ven- 
tilation." Because  the  Bennett  PR-2 
and  the  Bird  Mark  14  can  function 
according  to  that  definition,  there 
should  be  no  disagreement  regarding 
the  point  made  in  my  review.  In  addi- 
tion this  also  proves  that  pressure- 
control  ventilation  is  definitely  not  a 
new  'mode'  of  ventilation  as  Mr 
Deshpande  suggests.  In  fact,  if  one 
reviews  the  Chatburn  classification 
system  for  ventilation  modes,  PCV  is 
not  even  considered  a  mode  of  venti- 
lator operation.1  What  is  new  is  the 
current  popularity  of  using  a  ventila- 
tor pressure-controlled  breath  to  treat 
the  adult  patient  with  ARDS. 

Mr  Deshpande 's  real  concern  is 
obviously  my  allusion  to  the  Bird 
Mark  7's  functioning  as  a  pressure- 
controlled  ventilator.  Because  the 
only  variable  the  Bird  Mark  7  con- 
trols during  inspiration  is  pressure,  it 
can  only  be  a  pressure  controller.  The 
issue  then  becomes  whether  a  ma- 
chine that  is  a  pressure  controller 
(like  the  iron  lung)  can  do  pressure- 
control  ventilation.  Mr  Deshpande 
writes  that  a  pressure  controller  can- 
not do  pressure-controlled  ventila- 
tion. I  believe  this  is  oxymoronic. 

In  contrasting  the  Bird  Mark  7 
with  newer  ventilators,  Mr  Desh- 
pande correctly  explains  that  the  cy- 
cling mechanism  is  different — inspi- 


ration is  over  when  a  set  pressure  is 
reached  rather  than  a  set  time.  How- 
ever, both  machines  are  controlling 
pressure,  and  tidal  volume  varies 
with  system  compliance. 

What  is  most  important  with  any 
ventilator  system  is  to  describe  pre- 
cisely how  a  ventilator  breath  is  de- 
livered because  that  determines  the 
ventilator's  application.  It  is  true  that 
the  Bird  Mark  7  is  now  used  only  for 
hyperinflation  therapy  and  no  longer 
for  continuous  ventilation  due  to  its 
cycling  mechanism  and  other  limita- 
tions. However,  I  do  not  believe  that 
any  student — on  the  basis  of  the  tech- 
nical description  alone — would  reach 
for  a  Bird  Mark  7  for  an  ARDS  pa- 
tient today  anymore  than  a  therapist 
would  attempt  to  place  that  same  pa- 
tient on  a  PR-2. 

The  real  controversy  raised  by  this 
letter  may  be  whether  the  manufac- 
turer's label  of  a  'mode'  of  ventila- 
tion or  the  popular  definition  of  a 
mode  of  ventilation  fits  a  logical  ven- 
tilator classification  system. 

For  example,  consider  the  mode 
Volume  Control  on  the  Servo  900C. 
The  strict  definition  of  control  (ie,  the 
patient  cannot  trigger  a  breath)  does 
not  apply.  When  we  place  a  patient 
on  this  setting  we  correctly  call  the 
mode  assist/control.  In  fact,  the  Servo 
900C  does  not  technically  control 
volume  in  this  setting.  Fortunately, 
our  profession  does  not  define  vol- 
ume Control  by  what  the  Servo  900C 
does  in  this  setting. 

Interestingly,  however,  the  current 
popular  'mode'  pressure-controlled 
ventilation  is  precisely  defined  by 
what  the  Servo  900C  does  when 
placed  in  the  Pressure  Control  set- 
ting. Yet  this  is  the  same  type  of  ven- 
tilation used  routinely  with  neonates 
but  termed  intermittent  mandatory 
ventilation  (IMV). 

To  understand  the  Servo  900C  and 
how  it  functions  when  set  in  Volume 
Control  we  describe  the  mode  as  as- 
sist/control. The  breath  delivered  is 
flow  controlled  and  time  cycled. 
When  the  Servo  900C  is  set  in  Pres- 
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sure  Control,  we  describe  the  mode 
as  assist/control  and  the  breath  deliv- 
ery as  pressure-limited  time-cycled 
ventilation. 

The  Chatburn  classification  sys- 
tem uses  PCV  as  a  term  to  describe 
how  ventilator  breaths  are  delivered 
in  a  designated  mode  (eg,  assist-con- 
trol,  AC  or  IMV).  As  Mr  Deshpande 
writes,  he  limits  this  descriptive  term 
to  a  strict  definition  of  pressure-limit- 
ed time-cycled  ventilation.1  I  believe 
this  is  where  some  confusion  may  lie. 
Again  I  raise  the  question  how  can  a 
pressure  controller  not  provide  pres- 
sure-controlled ventilation?  If  pres- 


sure-controlled ventilation  is  merely 
a  descriptive  term  that  describes  how 
a  ventilator  breath  is  controlled, 
shouldn't  it  be  allowed  to  say  what  it 
means  (ie,  ventilation  that  is  pressure 
controlled)?  Further  definitions  of 
phase  variables  define  the  application 
and  clarify  ventilator  operation. 

This,  however  logical,  runs  con- 
trary to  the  current  line  of  thought — 
PCV  is  a  "new  mode"  that  is  defined 
by  how  the  Servo  900C  performs  it.  I 
believe  this  could  be  an  example  of  a 
ventilator  classification  system  de- 
veloped around  a  specific  ventilator 


rather  than  ventilator  performance 
described  by  a  logical  ventilator  clas- 
sification scheme. 

Fran  Piedalue  BS  RRT 

Respiratory  Care  Educator 

University  Hospital 

Denver,  Colorado 
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Occupational  asthma  in  the  respiratory  care  worker  [Alberts] 

38(9):997  review  article 
The  re-emergence  of  tuberculosis:  a  previously  forgotten  dis- 
ease becomes  a  problem  for  caregivers   [Volosky  & 

Ruben]    38(8):880  editorial 
Case  Reports 

Adult  respiratory  distress  syndrome  during  pregnancy 

[Ceyhan  et  al]    38(9):993  case  report 
Cyanosis  and  sulfhemoglobinemia:  a  case  report  [O'Connor] 

38(10):1088  case  report 
Objection  to  case  report  of  Nishizawa  et  al   [Mercurio] 

38(9):  1028  letter  [response  by  Chaffee  &  Goto] 
Pulmonary  edema  induced  by  endotracheal  tube  obstruction 

[Nishizawa  et  al ]    38(5):479  case  report 
Catheters  &  Catheterization 
does  Clevenger  TYRS  go  here?? 
Abnormal  chest  radiograph  after  central  line  placement 

[Medin  &  Ognibene]    38(1):125  Test  Your  Radiologic 

Skill 
Complication  due  to  a  central  venous  catheter  [Nerida  & 

Gopinathl    38(9):  1028  letter  [response  by  Clevenger] 
Deep  breaths,  sighs,  and  pulmonary  artery  catheters  [Reesor] 

38(10):  11 19  letter 
Factors  affecting  microbial  colonization  of  the  trachea  and 

septicemia  in  mechanically  ventilated  neonates  [Cordero 

et  al]    38(  12):  1355  research  article 
A  late  developing  complication  in  a  blunt  trauma  patient 

[Woodruff  &  Clevenger]    38(2):197  Test  Your  Radiologic 

Ski/I 
Chemotherapy:  See  Drugs  &  Drug  Therapy 
Chest  Physical  Therapy:  See  Bronchial  Hygiene  Therapy 
Chronic  Obstructive  Pulmonary  Disease  (COPD) 

Antimuscarinic  and  fii-adrenoceptor  bronchodilators  in 

obstructive  airway  disease  [Howder]    38(  12):1364  review 

article 
"Classic  Reprints"  Features 

Reader  enjoys  retrospectroscopes  [Hopper]    38(5):552  letter 
Retrospectroscope — 1975:  pulmonary  diffusing  capacity  for 

carbon  monoxide  (Dlco)  [Comroe]    38(1):141  classic 

reprint 
Retrospectroscope  Redux:  either — or?  why  not  both? 

[Comroe]    38(5):543  classic  reprint 
Retrospectroscope  Redux:  Frankenstein.  Pickwick,  and 

Ondine  [Comroe]    38(8):940  classic  reprint 


Retrospectroscope  Redux:  how  to  make  hasenpfeffer 

[Comroe]    38(  10):  1099  classic  reprint 

Retrospectroscope  Redux:  inflation — 1904  model 
[Comroe]    38(12):  1418  classic  reprint 

Retrospectroscope  Redux:  peering  once  more  into  Dr 
Comroe's  wonderful  instrument  [Kittredge]  38(1):29  ed- 
itorial 

Retrospectroscope  Redux:  a  sea  of  air  [Comroe] 
38(3):301  classic  reprint 
Clinical  Instruction:  See  Education  &  Training 
Clinical  Practice  Guidelines  (prepared  &  published  by  the 
American  Association  for  Respiratory  Care):  See 
Guidelines,  Recommendations,  &  Statements 
Cold,  Common 

Humidification  and  colds:  my  n  =  1  |Groff]    38(9):  1030  let- 
ter 
Compliance,  Pulmonary 

Measuring  total  pulmonary  compliance  with  a  volume-con- 
trolled infant  resuscitator:  a  bench  study  [Kissoon  et 
al]    38(9):985  research  article 
Complications  &  Side  Effects 

Abnormal  chest  radiograph  after  central  line  placement 
[Medin  &  Ognibenel  38(1):125  Test  Your  Radiologic 
Skill 

Bland  aerosol  administration  38(11):1196  clinical  practice 
guideline 

Complication  due  to  a  central  venous  catheter  [Nerida  & 
Gopinathl    38(9):1028  letter  [response  by  Clevenger] 

Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  al]    38(  12):  1355  research  article 

Fiberoptic  bronchoscopy  assisting  38(11):  1173  clinical 
practice  guideline 

Intermittent  positive  pressure  breathing  38(11):  1189  clini- 
cal practice  guideline 

A  late  developing  complication  in  a  blunt  trauma  patient 
[Woodruff  &  Clevenger]  38(2):197  Test  Your  Radiologic 
Skill 

Lung  transplantation — an  update  [Jenkinson]  38(3):278 
symposium  proceedings 

Resuscitation  in  acute  care  hospitals  38(11):1179  clinical 
practice  guideline 

Transport  of  the  mechanically  ventilated  patient    38(  1 1 ): 
1169  clinical  practice  guideline 
Computers  &  Computing 

Computerized  management  of  respiratory  care  [Greenway  et 
al]    38(  1  ):42  special  article 

Computerized  ventilation  monitoring  [Brunner  & 
Thompson  ]    38(  1 ):  1 10  special  article 

Computers  in  pulmonary  medicine:  ten  years  ago,  today,  and 
tomorrow    38(  1  ):41  intro  to  special  articles 

Microprocessor-based  mechanical  ventilation  [Sanborn] 
38(1):72  special  article 

Quality  assurance  for  respiratory  care  services:  a  computer- 
assisted  program  [Elliott]    38(  1  ):54  special  article 

Using  belief  networks  to  interpret  qualitative  data  in  the  ICU 
IPolaschek  et  al]    38(  1  ):60  special  article 
Conference  &  Symposium  Proceedings 

ACCP  consensus  statement  on  mechanical  ventila- 
tion   38(  12):  1389  concurrently  printed  statement 
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New  Horizons  VIII:  Emerging  Therapies  for  Respiratory 
Disorders    38(3):276-293  &  38(4):362-397 

Oxygenation  in  the  Critically  111  Patient    38(6):587-704 
&    38(7):739-846 
Continuing  Education:  See  Education  &  Training 
Cost  Issues 

Adventures  in  recycling:  the  reuse  of  "disposable"  pulse 
oximeter  probes  [Salyer  et  al]    38(  10):1072  editorial 

Analysis  of  an  endotracheal  intubation  service  provided  by 
respiratory  care  practitioners  [Thalman  et  al]  38(5):469 
research  article 

Clean  'em  or  toss  'em — does  it  matter?  [Salyer]  38(11): 
1141  editorial 

Cost-benefit  considerations  in  managing  oxygenation  failure 
[Morris]    38(7):829  conference  proceedings 

A  manager's  perspective  on  respiratory  therapy  consult  ser- 
vices [Orens]    38(8):884  editorial 

Multipatient  use  of  prefilled  disposable  oxygen  humidifiers 
for  up  to  30  days:  patient  safety  &  cost  analysis  [Golar  et 
al]    38(4):343  research  article 

Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]  38(11): 
1143  research  article 

A  strategy  for  reducing  costs  associated  with  pulse  oximetry 
in  noncritical  care  areas  [Mahlmeister  et  al]    38(9):  1005 
special  article 
Cough 

Directed  cough    38(5):495  clinical  practice  guideline 

Left  shoulder,  neck,  and  chest  pain  with  dyspnea  and  nonpro- 
ductive cough  [Brooks  and  Mishoe]  38(11):1201  Test 
Your  Radiologic  Skill 

PFT  Corner  #48 — an  uncommon  variant  of  an  upper-airway 
disorder  [Wanger  &  Beam]    38(1):129  PFT  Corner 

Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]  38(11): 
1143  research  article 
Critical  Care:  Also  see  Adult  Respiratory  Distress 
Syndrome  and  Other  Related  Topics 

Oxygen  toxicity  in  the  critically  ill  patient  [Durbin  &  Wal- 
lace]   38(7):739  conference  proceedings 
Curriculum 

The  length  of  educational  preparation  and  academic  awards 
for  future  respiratory  care  practitioners:  a  delphi  study 
[Douce  &  Cullen]    38(9):1014  special  article 
Cyanosis 

Cyanosis  and  sulfhemoglobinemia:  a  case  report  [O'Connor] 
38(10):1088  case  report 
Cystic  Fibrosis 

Advances  in  our  understanding  &  care  of  patients  with  cystic 
fibrosis  [Hardy]    38(3):282  symposium  proceedings 
Data  Manipulation:  Also  see  Computers  &  Computing 

Microprocessor-based  mechanical  ventilation  [Sanborn] 
38(  1  ):72  special  article 

Using  belief  networks  to  interpret  qualitative  data  in  the  ICU 
[Polaschek  et  al]    38(  1):60  special  article 
Diagnosis:  Also  see  Test  Your  Radiologic  Skill  and  PFT 
Corner  and  Blood  Gas  Corner  Features 


Abnormal  chest  radiograph  after  central  line  placement 

[Medin  &  Ognibene]    38(1):125  Test  Your  Radiologic 

Skill 
Clinical  effects  of  hypoxemia  &  tissue  hypoxia  [Higgins  & 

Yared]    38(6):603  conference  proceedings 
Complication  due  to  a  central  venous  catheter  [Nerida  & 

Gopinath]    38(9):1028  letter  [response  by  Clevenger] 
Fiberoptic  bronchoscopy  assisting    38(11):  1173  clinical 

practice  guideline 
A  late  developing  complication  in  a  blunt  trauma  patient 

[Woodruff  &  Clevenger]    38(2):197  Test  Your  Radiologic 

Skill 
Thoracoscopic  surgery  [Wood]    38(4):388  symposium  pro- 
ceedings 
Diaphragm 

Abnormal  chest  radiograph  after  central  line  placement 

[Medin  &  Ognibene]    38(1):125  Test  Your  Radiologic 

Skill 
Radiographic  findings  in  a  blunt  trauma  patient  [Nadell  & 

Clevenger]    38(121:1423  Test  Your  Radiologic  Skill 
Diffusing  Capacity 

Retrospectroscope — 1975:  pulmonary  diffusing  capacity  for 

carbon  monoxide  (Dlco)  [Comroe]    38(1):141  classic 

reprint 
Single-breath    carbon    monoxide    diffusing    capaci- 
ty   38(5):511  clinical  practice  guideline 
Disease  Prevention:  Also  see  Infection  Control  and  Smoking 

Cessation 
Walking  the  walk — not  just  talking  the  talk:  cigarette  smok- 
ing and  respiratory  care  practitioners  [Robbins  et  al] 

38(10):1069  editorial 
Disinfection:  See  Infection  Control 
Drowning  &  Near  Drowning 

Rewarming  with  gas  mixtures?  [Wallace  ]    38(9):  1029  letter 

[response  by  Nemiroff] 
"Drug  Capsule"  Features 

Advanced  cardiac  life  support  update:   uses  of  drugs 

[Mathewson  &  Conyers]    38(9):  1020  drug  capsule 
Prolonged  neuromuscular  blockade  [Mathewson]    38(5): 

522  drug  capsule 
Drugs  &  Drug  Therapy 

Abnormal  chest  radiograph  after  central  line  placement 

[Medin  &  Ognibene]    38(1):125  Test  Your  Radiologic 

Skill 
Advanced  cardiac   life  support  update:   uses  of  drugs 

[Mathewson  &  Conyers]    38(9):  1020  drug  capsule 
Advances  in  our  understanding  &  care  of  patients  with  cystic 

fibrosis  [Hardy]    38(3):282  symposium  proceedings 
Antimuscarinic  and  /^-adrenoceptor  bronchodilators  in  ob- 
structive airway  disease  [Howder]    38(12):1364  review 

article 
Blood  Gas  Corner  #31 — a  patient  presenting  with  leg  pain 

and  shortness  of  breath  [Ollivier]    38(10):1107  Blood  Gas 

Corner 
Combined  drug  therapy  in  asthma     [Mathewson]    38(12): 

1340  editorial 
Cyanosis  and  sulfhemoglobinemia:  a  case  report  [O'Connoii 

38(10):1088  case  report 
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Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  al]    38(12):1355  research  article 

Gentle-Haler  comparison  to  Aerochamber  questioned 
[Newhouse]    38(41:407  letter  [response  by  Chipps] 

An  inappropriate  device  for  aerosol  studies'?  [Dolovich] 
38(4):409  letter  [response  by  Ebert  et  al] 

Left  shoulder,  neck,  and  chest  pain  with  dyspnea  and  nonpro- 
ductive cough  [Brooks  and  Mishoe]  38(111:1201  Test 
Your  Radiologic  Skill 

Nonconventional  ribavirin  administration,  via  incubator 
[Volsko]    38(3):310  letter 

Pharmacologic  approaches  to  respiratory  failure  [Hudson | 
38(7):754  conference  proceedings 

Prolonged  neuromuscular  blockade  [Mathewson]  38(5): 
522  drug  capsule 

Surfactant  therapy  in  the  adult  respiratory  distress  syndrome 
[Steinberg]    38(4):365  symposium  proceedings 

Transdermal  nicotine  for  smoking  cessation  [Rennard  & 
Daughton]    38(3):290  symposium  proceedings 
ECMO:  See  Extracorporeal  Gas  Exchange  &  ECMO 
Education  &  Training 

Assessing  the  effectiveness  of  observation  training  for  clini- 
cal instructors  [Collins  et  al]    38(8):906  research  article 

The  length  of  educational  preparation  and  academic  awards 
for  future  respiratory  care  practitioners:  a  delphi  study 
[Douce  &  Cullen]    38(9):1014  special  article 

Microprocessor-based  mechanical  ventilation  [Sanborn] 
38(  1  ):72  special  article 

Prediction  models  &  their  application  [Black]  38(4):413 
letter  [response  by  Op't  Holt] 

A  question  of  ethics:  funding  of  continuing  education 
[Czachowski]    38(12):  1341  editorial 

RETROSPECTROSCOPE  REDUX:  peering  once  more  into  Dr 
Comroe's  wonderful  instrument  [Kittredge]  38(1  ):29  ed- 
itorial 

Walking  the  walk — not  just  talking  the  talk:  cigarette  smok- 
ing and  respiratory  care  practitioners  [Robbins  et  al] 
38(10):  1069  editorial 

Why  we  must  help  parents  stop  smoking  [Nett]    38(9):982 
editorial 
Emergency  Care:  See  Resuscitation  &  Related  Equipment 
&  Supplies 

Additional  data  on  emergency  ventilation  equipment 
[Kissoon  &  Tiffin]    38(2):207  letter 

Advanced  cardiac  life  support  update:  uses  of  drugs 
[Mathewson  &  Conyers]    38(9):1020  drug  capsule 

Resistance  to  flow  through  the  valves  of  mouth-to-mask  ven- 
tilation devices  [Hess  et  al]    38(2):183  research  article 
End-Expiratory  Pressure 

The  nuts  &  bolts  of  increasing  arterial  oxygenation:  devices 
&  techniques  [Branson]    38(6):672  conference  proceed- 
ings 
Energy  Expenditure 

Oxygen  transport:  does  increasing  supply  improve  outcome? 
[Pasquale  et  al]    38(7):800  conference  proceedings 

Therapeutic  manipulations  of  oxygen  consumption  and  car- 
bon dioxide  production  in  acute  respiratory  failure 
[Stoller]    38(7):769  conference  proceedings 


Equipment  &  Supplies 

Additional  data  on  emergency  ventilation  equipment  | Kis- 
soon &  Tiffin]    38(2):207 letter 

Adventures  in  recycling:  the  reuse  of  "disposable"  pulse 
oximeter  probes  [Salyer  et  al |    38(  10):  1072  editorial 

Algorithmic  application  of  PCV  [Burke  &  Van  Scoder] 
38(5):550  letter  [response  by  Howard] 

Are  ventilator  nebulizing  systems  created  equal?  [Rau  & 
Hess]    38(8):877  editorial 

Clean  'em  or  toss  'em — does  it  matter?  [Salyer]  38(11): 
1141  editorial 

Effects  of  in-line  nebulization  on  preset  ventilatory  variables 
[Hanhan  et  al ]    38(5):474  research  article 

Error  in  intrinsic  PEEP  measurement  by  Siemens  300:  cause 
&  remedy  [Grootendorst  et  al  ]    38(4):348  research  article 

Gentle-Haler  comparison  to  Aerochamber  questioned  [New- 
house]    38(4):407  letter  [response  by  Chipps] 

Humidification  of  inspired  gases  during  mechanical  ventila- 
tion (Branson  &  Chatburn]    38(5):461  editorial 

An  inappropriate  device  for  aerosol  studies?  [Dolovich] 
38(4):409  letter  [response  by  Ebert  et  al] 

Inspiratory  flow  patterns:  the  "shape"  of  ventilation  |Rau] 
38(1):132  Kittredge's  Corner 

Microprocessor-based  mechanical  ventilation  [Sanborn] 
38(  1  ):72  special  article 

More  objections  to  Branson-Chatburn  humidification  editori- 
al [Deniers]    38(11):  1205  letter  [response  by  Branson] 

The  nuts  &  bolts  of  increasing  arterial  oxygenation:  devices 
&  techniques  [Branson]  38(6):672  conference  proceed- 
ings 

Objection  to  case  report  of  Nishizawa  et  al  [Mercurio] 
38(9):  1028  letter  [response  by  Chaffee  &  Goto] 

Objections  to  home  oxygen  CPG  [Meadows]  38(3):309  let- 
ter [response  by  Lewis] 

Objections  to  humidification  editorial  by  Branson  &  Chat- 
burn  [Sessler]  38(10):1110  letter  [response  by  Branson 
&  Chatburn] 

Reply  to  Paluch  on  HME  misrepresentation  [Lloyd  & 
Graf]    38(10):1117/e»^- 

Residual  bacterial  contamination  on  reusable  pulse  oximetry 
sensors  [Wilkins]    38(  1 1 ):  1 155  research  article 

Resistance  to  flow  through  the  valves  of  mouth-to-mask  ven- 
tilation devices  [Hess  et  al]    38(2):183  research  article 

A  stylet  to  aid  digital  intubation  [Ciaglia]    38(9):1030  letter 

Techniques  &  devices  for  monitoring  oxygenation  [Hess  & 
Kacmarek]    38(6):646  conference  proceedings 

Tracheostomy  discontinuation:  impact  of  tube  selection  on 
resistance  during  tube  occlusion  [Beard  &  Monaco] 
38(3):267  research  article 

Two  vs  four  breath  types  for  ventilator  classification 
[Chatburn  &  Sanborn]    38(21:207  letter 

Ventilatory  support  for  the  90s:  pressure  support  ventilation 
[Campbell  &  Branson]    38(5):526  Kittredge "v  Corner 
Ethics 

Critique  of  contemporary  criticism — an  argument  favoring  a 
Galileo  responsible  journalism  award  [Weilacher] 
38(8):951  letter 

A  question  of  ethics:  funding  of  continuing  education 
[Czachowski]    38(12):1341  editorial 
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Evaluation  of  Equipment  &  Supplies 

Adventures  in  recycling:  the  reuse  of  "disposable"  pulse 
oximeter  probes  [Salyeretal]    38(10):  1072  editorial 

Choice  of  mechanical  ventilator:  influence  on  nebulizer  per- 
formance [McPeck  et  al]    38(8):887  research  article 

Evaluation  of  the  agreement  between  portable  peak  flow  me- 
ters and  a  calibrated  pneumotachometer  [Simmons  et 
al]    38(8):916  research  article 

An  inappropriate  device  for  aerosol  studies?  [Dolovich] 
38(4):409  letter  [response  by  Ebert  et  al] 

Intertech  Safe  Response:  resistance  to  flow  through  the 
valves  of  mouth-to-mask  ventilation  devices  [Hess  et 
al]    38(2):183  research  article 

Laerdal  Pocket  Mask:  resistance  to  flow  through  the  valves 
of  mouth-to-mask  ventilation  devices  [Hess  et  al] 
38(2):183  research  article 

Life  Design  Carhill  Valve:  resistance  to  flow  through  the 
valves  of  mouth-to-mask  ventilation  devices  [Hess  et 
al  ]    38(  2 ) :  1 83  research  article 

Measuring  total  pulmonary  compliance  with  a  volume-con- 
trolled infant  resuscitator:  a  bench  study  [Kissoon  et 
al]    38(9):985  research  article 

Medic  One  White  Pulmonary  Resuscitator:  resistance  to  flow 
through  the  valves  of  mouth-to-mask  ventilation  devices 
[Hess  et  al]    38(2):183  research  article 

Multipatient  use  of  prefilled  disposable  oxygen  humidifiers 
for  up  to  30  days:  patient  safety  &  cost  analysis  [Golar  et 
al]    38(4):343  research  article 

Nova-Ventrx  Res-Q:  resistance  to  flow  through  the  valves  of 
mouth-to-mask  ventilation  devices  [Hess  et  al]  38(2):183 
research  article 

Preliminary  evaluation  of  high-frequency  chest  compression 
for  secretion  clearance  in  mechanically  ventilated  patients 
[Whitman  et  al]    38(10):  1081  research  article 

Respironics  SealEasy:  resistance  to  flow  through  the  valves 
of  mouth-to-mask  ventilation  devices  [Hess  et  al] 
38(2):183  research  article 

Rondex  Rescue  Mask:  resistance  to  flow  through  the  valves 
of  mouth-to-mask  ventilation  devices  [Hess  et  al] 
38(2):183  research  article 

Vital  Signs:  resistance  to  flow  through  the  valves  of  mouth- 
to-mask  ventilation  devices  [Hess  et  al]    38(2):  183  re- 
search article 
Evaluation  of  Methods  &  Techniques 

Assessing  the  effectiveness  of  observation  training  for  clini- 
cal instructors  [Collins  et  al]    38(8):906  research  article 

Comparison  between  conventional  cap  and  one-way  valve  in 
the  decannulation  of  patients  with  long-term  tra- 
cheostomies [Le  et  al]    38(  1 1 ):  1 161  research  article 

Effects  of  in-line  nebulization  on  preset  ventilatory  variables 
[Hanhan  et  al)    38(5):474  research  article 

A  mathematical  method  for  predicting  the  expiratory  time 
necessary  to  achieve  a  desired  intrinsic  PEEP  level  [Jones 
et  al[    38(8):896  research  article 

Measuring  total  pulmonary  compliance  with  a  volume-con- 
trolled infant  resuscitator:  a  bench  study  [Kissoon  et 
al]    38(9):985  research  article 


A  strategy  for  reducing  costs  associated  with  pulse  oximetry 
in  noncritical  care  areas  [Mahlmeister  et  al]    38(91:1005 
special  article 
Extracorporeal  Gas  Exchange  &  ECMO 

The  magic  bullets  in  the  war  on  ARDS:  aggressive  therapy 
for  oxygenation  failure  [East]    38(6):690  conference  pro- 
ceedings 
Extubation  of  the  Airway:  Also  see  Airway  Care  & 
Management 

Comparison  between  conventional  cap  and  one-way  valve  in 
the  decannulation  of  patients  with  long-term  tracheos- 
tomies [Le  et  al]    38(  1 1  ):1 161  research  article 

Tracheostomy  discontinuation:  impact  of  tube  selection  on 
resistance  during  tube  occlusion  [Beard  &  Monaco] 
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Humidification  of  inspired  gases  during  mechanical  ventila- 
tion [Branson  &  Chatburn]    38(51:461  editorial 

Inspiratory  flow  patterns:  the  "shape'  of  ventilation  [Rau] 
38(1):  132  Kittredge' s  Corner 

Microprocessor-based  mechanical  ventilation  [Sanborn] 
38(  1  ):72  special  article 

Patient-ventilator  interaction:  rational  strategies  for  ventila- 
tory management  [Marini]    38(5):482  lecture 

Permissive  hypercapnia  [Kacmarek  &  Hickling]  38(4):373 
symposium  proceedings 

Pressure-control  ventilation  with  a  Puritan-Bennett  7200a 
ventilator:  application  of  an  algorithm  &  results  in  14  pa- 
tients [Howard]  38(1  ):32  research  article  [correction  of 
Fig.  1  38(3):317]  Also  see  related  letter  &  response 
38(5):550 

A  reader  poses  questions  about  peak  airway  pressures 
[Piedalue]    38(8):952  letter  [response  by  Pierson] 

Two  vs  four  breath  types  for  ventilator  classification 
[Chatburn  &  Sanborn]    38(2):207  letter 

Ventilatory  support  for  the  90s:  pressure  support  ventilation 
[Campbell  &  Branson]    38(5):526  Kittredge 's  Corner 
Medical  Direction 

Analysis  of  an  endotracheal  intubation  service  provided  by 
respiratory  care  practitioners  [Thalman  et  al]  38(5):469 
research  article 

Misallocation  of  respiratory  care  services:  time  for  a  change 
[Stoller]    38(31:263  editorial 

Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]  38(  1 1 ): 
1 143  research  article 

Quality  assurance  for  respiratory  care  services:  a  computer- 
assisted  program  [Elliott]    38(  1  ):54  special  article 
Medications:  See  Drugs  &  Drug  Therapy 
Metered  Dose  Inhalers  (MDIs):  See  Nebulizers,  Inhalers,  & 
Vaporizers 


Methemoglobinemia:  Also  see  Arterial  Blood  Gases/pH 

Cyanosis  and  sulfhemoglobinemia:  a  case  report  [O'Connor] 
38(10):1088o7«>  report 
Misallocation  of  RC  Services 

Misallocation  of  respiratory  care  services:  time  for  a  change 
[Stoller]    38(3):263  editorial 
Monitoring 

Assessment  of  oxygenation:  oxygenation  indices  [Nelson] 
38(6):631  conference  proceedings 

Bland  aerosol  administration  38(11):1196  clinical  practice 
guideline 

Computerized  ventilation  monitoring  [Brunner  &  Thomp- 
son]   38(  1 ):  1 10  special  article 

Directed  cough    38(5):495  clinical  practice  guideline 

Endotracheal  suctioning  of  mechanically  ventilated  adults  & 
children  with  artificial  airways  38(5):500  clinical  prac- 
tice guideline 

Fiberoptic  bronchoscopy  assisting  38(11  ):1173  clinical 
practice  guideline 

Intermittent  positive  pressure  breathing  38(111:1189  clini- 
cal practice  guideline 

In-vitro  pH  &  blood  gas  analysis  &  hemoximetry  38(51:505 
clinical  practice  guideline 

Objections  to  home  oxygen  CPG  [Meadows]  38(3):309  let- 
ter [response  by  Lewis] 

Quality  assurance  for  respiratory  care  services:  a  computer- 
assisted  program  [Elliott]    38(  1  ):54  special  article 

Resuscitation  in  acute  care  hospitals  38(11):  1179  clinical 
practice  guideline 

Single-breath  carbon  monoxide  diffusing  capaci- 
ty   38(5):511  clinical  practice  guideline 

A  strategy  for  reducing  costs  associated  with  pulse  oximetry 
in  noncritical  care  areas  [Mahlmeister  et  al]  38(9):  1005 
special  article 

Techniques  &  devices  for  monitoring  oxygenation  [Hess  & 
Kacmarek]    38(6):646  conference  proceedings 

Transport  of  the  mechanically  ventilated  patient  38(11): 
1169  clinical  practice  guideline 

Use  of  positive  airway  pressure  adjuncts  to  bronchial  hy- 
giene therapy    38(5):516  clinical  practice  guideline 
Nebulizers,  Inhalers,  &  Vaporizers 

Are  ventilator  nebulizing  systems  created  equal?  [Rau  & 
Hess]    38(8):877  editorial 

Choice  of  mechanical  ventilator:  influence  on  nebulizer  per- 
formance [McPeck  et  al]    38(8):887  research  article 

Effects  of  in-line  nebulization  on  preset  ventilatory  variables 
[Hanhan  et  al]    38(5):474  research  article 

Gentle-Haler  comparison  to  Aerochamber  questioned 
[Newhouse]    38(4):407  letter  [response  by  Chipps] 

An  inappropriate  device  for  aerosol  studies?  [Dolovich] 
38(4):409  letter  [response  by  Ebert  et  al] 
Neonatal  Respiratory  Care 

Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  al]    38(  12):1355  research  article 

Measuring  total  pulmonary  compliance  with  a  volume-con- 
trolled infant  resuscitator:  a  bench  study  [Kissoon  et 
al]    38(9):985  research  article 
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Nonconventional  ribavirin  administration,  via  incubator 

[Volsko]    38(3):310  letter 
Resuscitation  in  acute  care  hospitals    38(11):  1179  clinical 

practice  guideline 
Surfactant  therapy  in  the  adult  respiratory  distress  syndrome 
[Steinberg]    38(4):365  symposium  proceedings 
Neuromuscular  Blockade 

Prolonged  neuromuscular  blockade  (Mathewson]    38(6): 
522  drug  capsule 
Nicotine 

Transdermal  nicotine  for  smoking  cessation  [Rennard  & 
Daughton]    38(3):290  symposium  proceedings 
Nitric  Oxide 

Pharmacologic  approaches  to  respiratory  failure  [Hudson] 
38(7):754  conference  proceedings 
Occupational  Exposure:  Also  see  Caregiver  Protection 
Occupational  asthma  in  the  respiratory  care  worker 

[Alberts]    38(9):997  review  article 
The  re-emergence  of  tuberculosis:  a  previously  forgotten  dis- 
ease becomes  a  problem  for  caregivers  [Volosky  & 
Ruben]    38(8):880  editorial 
Occupational  Lung  Diseases 

Occupational  asthma  in  the  respiratory  care  worker  [Alberts] 
38(9):997  review  article 
Orders  for  Therapy:  Also  see  Algorithms  and  Protocols, 
Therapist-Driven 
Misallocation  of  respiratory  care  services:  time  for  a  change 

[Stoller]    38(3):263  editorial 
Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]    38(11): 
1143  research  article 
Outcome  of  Care 

Cost-benefit  considerations  in  managing  oxygenation  failure 

[Morris]    38(71:829  conference  proceedings 
Oxygen  transport:  does  increasing  supply  improve  outcome? 

[Pasquale  et  al]    38(7):800  conference  proceedings 
Resuscitation  in  acute  care  hospitals    38(11):  1179  clinical 

practice  guideline 
Rewarming  with  gas  mixtures?  [Wallace]    38(9):  1029  letter 
[response  by  Nemiroff] 
Oximeters  &  Oximetry 

Adventures  in  recycling:  the  reuse  of  "disposable"  pulse 

oximeter  probes  [Salyer  et  al]    38(  101:1072  editorial 
Clean  'em  or  toss  'em — does  it  matter?  [Salyer]    38(11): 

1141  editorial 
Clinical  effects  of  hypoxemia  &  tissue  hypoxia  [Higgins  & 

Yared]    38(6):603  conference  proceedings 
A  strategy  for  reducing  costs  associated  with  pulse  oximetry 
in  noncritical  care  areas  [Mahlmeister  et  al]    38(9):  1005 
special  article 
Techniques  &  devices  for  monitoring  oxygenation  [Hess  & 
Kacmarek]    38(6):646  conference  proceedings 
Oxygen  Consumption 

Oxygen  transport:  does  increasing  supply  improve  outcome? 

[Pasquale  et  al]    38(7):800  conference  proceedings 
Oxygenation  in  the  critically  ill  patient:  conference  summary 
[Dantzker]    38(7):842  conference  proceedings 


Techniques  &  devices  for  monitoring  oxygenation  [Hess  & 
Kacmarek]    38(6):646  conference  proceedings 

Therapeutic  manipulations  of  oxygen  consumption  and  car- 
bon dioxide  production  in  acute  respiratory  failure 
[Stoller]    38(7):769  conference  proceedings 

When  does  V02  depend  on  D0:?  [Phang  &  Russell]    38(6): 
618  conference  proceedings 
Oxygen  Delivery 

Clinical  effects  of  hypoxemia  &  tissue  hypoxia  [Higgins  & 
Yared]    38(6):603  conference  proceedings 

The  nuts  &  bolts  of  increasing  arterial  oxygenation:  devices 
&  techniques  [Branson]  38(6):672  conference  proceed- 
ings 

Oxygen  transport:  does  increasing  supply  improve  outcome? 
[Pasquale  et  al]    38(7):800  conference  proceedings 

Oxygenation  in  the  critically  ill  patient:  conference  summary 
[Dantzker]    38(7):842  conference  proceedings 

When  does  V0:  depend  on  D0:?  [Phang  &  Russell]    38(6): 
618  conference  proceedings 
Oxygen  Therapy 

The  magic  bullets  in  the  war  on  ARDS:  aggressive  therapy 
for  oxygenation  failure  [East]  38(6):690  conference  pro- 
ceedings 

Multipatient  use  of  prefilled  disposable  oxygen  humidifiers 
for  up  to  30  days:  patient  safety  &  cost  analysis  [Golar  et 
al]    38(4):343  research  article 

The  nuts  &  bolts  of  increasing  arterial  oxygenation:  devices 
&  techniques  [Branson]  38(6):672  conference  proceed- 
ings 

Objections  to  home  oxygen  CPG  [Meadows]    38(3):309  let- 
ter [response  by  Lewis] 
Oxygen  Toxicity 

Oxygen  toxicity  in  the  critically  ill  patient  [Durbin  &  Wal- 
lace]   38(7):739  conference  proceedings 
Oxygen  Transport 

Oxygen  transport:  does  increasing  supply  improve  outcome? 
[Pasquale  et  al]    38(7):800  conference  proceedings 

Oxygenation  in  the  critically  ill  patient:  conference  summary 
[Dantzker]    38(7):842  conference  proceedings 
Oxygenation 

Assessment  of  oxygenation:  oxygenation  indices  [Nelson] 
38(6):631  conference  proceedings 

Clinical  effects  of  hypoxemia  &  tissue  hypoxia  [Higgins  & 
Yared]    38(6):603  conference  proceedings 

Cost-benefit  considerations  in  managing  oxygenation  failure 
[Morris]    38(7):829  conference  proceedings 

The  magic  bullets  in  the  war  on  ARDS:  aggressive  therapy 
for  oxygenation  failure  [East]  38(6):690  conference  pro- 
ceedings 

A  mechanistic  approach  to  providing  adequate  oxygenation 
in  acute  hypoxemic  respiratory  failure  [Wood  &  Hall] 
38(7):784  conference  proceedings 

Normal  &  abnormal  oxygenation:  physiology  &  clinical  syn- 
dromes [Pierson]    38(6):587  conference  proceedings 

The  nuts  &  bolts  of  increasing  arterial  oxygenation:  devices 
&  techniques  [Branson]  38(6):672  conference  proceed- 
ings 

Oxygen  toxicity  in  the  critically  ill  patient  [Durbin  &  Wal- 
lace]   38(7):739  conference  proceedings 
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Oxygen  transport:  does  increasing  supply  improve  outcome? 
[Pasquale  et  al]    38(7):800  conference  proceedings 

Oxygenation  in  the  critically  ill  patient:  conference  summary 
[Dantzker]    38(7):842  conference  proceedings 

Techniques  &  devices  for  monitoring  oxygenation  [Hess  & 
Kacmarek]    38(6):646  conference  proceedings 

Therapeutic  manipulations  of  oxygen  consumption  and  car- 
bon dioxide  production  in  acute  respiratory  failure 
[Stoller]    38(7):769  conference  proceedings 

When  does  V0:  depend  on  D0:?  [Phang  &  Russell]    38(6): 
618  conference  proceedings 
Paralysis 

Abnormal  chest  radiograph  after  central  line  placement 
[Medin  &  Ognibene]  38(1):  125  Test  Your  Radiologic 
Skill 

Prolonged  neuromuscular  blockade  [Mathewson]  38(5): 
522  drug  capsule 

Therapeutic  manipulations  of  oxygen  consumption  and  car- 
bon dioxide  production   in  acute  respiratory  failure 
[Stoller]    38(7):769  conference  proceedings 
Peak  Flow  Meter:  Also  see  Pulmonary  Function  Testing 

Evaluation  of  the  agreement  between  portable  peak  flow  me- 
ters and  a  calibrated  pneumotachometer  [Simmons  et 
al]    38(8):916  research  article 
Pediatric  Respiratory  Care 

Arrest  following  a  prolonged  course  of  periodic  coughing 
and  fever  in  a  child  [Sullivan  &  Kacmarek]  38(10):  1103 
Test  Your  Radiologic  Skill 

Endotracheal  suctioning  of  mechanically  ventilated  adults  & 
children  with  artificial  airways  38(5):500  clinical  prac- 
tice guideline 

Noninvasive  bi-level  positive  pressure  ventilation:  manage- 
ment of  two  pediatric  patients  [Akingbola  et  al]    38(10): 
1092  case  report 
PEEP:  See  Positive  End-Expiratory  Pressure 
Percussion:  See  Bronchial  Hygiene  Therapy 
"PFT  Corner"  Features  (brief  case  reports  involving  pul- 
monary function  tests,  with  questions,  answers,  &  dis- 
cussion) 

PFT  Corner  #48 — an  uncommon  variant  of  an  upper-airway 
disorder  [Wanger  &  Beam]    38(1):  129  PFT  Corner 

PFT  Corner  #49 — noise  or  upper  airway  disorder?  [Dennison 
etal]    3Sa):202  PFT  Corner 

PFT    Corner    #50— is    it    really    asthma?    |King    et 
al]    38(5):S3$  PFT  Corner 
pH:  See  Arterial  Blood  Gases/pH 
Pharmacology:  Also  see  Drugs  &  Drug  Therapy 

Pharmacologic  approaches  to  respiratory  failure  [Hudson] 
38(7):754  conference  proceedings 
Physiology 

Oxygen  transport:  does  increasing  supply  improve  outcome? 
[Pasquale  et  al]    38(7):800  conference  proceedings 

Therapeutic  manipulations  of  oxygen  consumption  and  car- 
bon dioxide  production  in  acute  respiratory  failure  [Stol- 
ler]   38(7):769  conference  proceedings 
Pneumonia,  Nosocomial 

Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  ul]    38(12):1355  research  article 


Humidification  of  inspired  gases  during  mechanical  ventila- 
tion [Branson  &  Chatburn|    38(5):461  editorial 

Objections  to  humidification  editorial  by  Branson  & 
Chatburn   [Sessler]    38(10):  11 10  letter  [response  by 
Branson  &  Chatburn] 
Positive  Airway  Pressure 

Use  of  positive  airway  pressure  adjuncts  to  bronchial  hy- 
giene therapy    38(5):516  clinical  practice  guideline 
Positive  End-Expiratory  Pressure  (PEEP) 

Acute  pathophysiology  after  wood  smoke  inhalation  in  a  dog 
model:  effects  of  PEEP  on  oxygenation  and  lung  water 
[Clark  et  al]    38(12):1346  research  article 

Computerized  ventilation  monitoring  [Brunner  &  Thomp- 
son]   38(1):  110  special  article 

Error  in  intrinsic  PEEP  measured  by  Siemens  300:  cause  & 
remedy  [Grootendorst  et  al]    38(4):348  research  article 

A  mathematical  method  for  predicting  the  expiratory  time 
necessary  to  achieve  a  desired  intrinsic  PEEP  level  [Jones 
et  al]    38(8):896  research  article 
Positive  Expiratory  Pressure  (PEP) 

Use  of  positive  airway  pressure  adjuncts  to  bronchial  hy- 
giene therapy    38(5):516  clinical  practice  guideline 
Postural  Drainage:  See  Bronchial  Hygiene  Therapy 
Pregnancy 

Adult  respiratory  distress  syndrome  during  pregnancy 
[Ceyhan  et  al ]    38(9):993  case  report 
Pressure,  Atmospheric 

Retrospectroscope  Redux:  a  sea  of  air  [Comroe] 
38(3):301  classic  reprint 
Pressure,  Barometric 

Decreased  Paw-peak  does  not  equate  to  "improvement" 
[Chatburn]    38(4):405  letter  [response  by  Howard] 

Retrospectroscope  Redux:  a  sea  of  air  [Comroe]    38(3): 
301  classic  reprint 
Pressure  Control  Ventilation 

Algorithmic  application  of  PCV  [Burke  &  Van  Scoder] 
38(5):550  letter  [response  by  Howard] 

Pressure-control  ventilation  with  a  Puritan-Bennett  7200a 
ventilator:  application  of  an  algorithm  &  results  in  14  pa- 
tients [Howard]  38(1  ):32  research  article  [correction  of 
Fig.  1  38(3):317]  Also  see  related  letter  &  response 
38(5):550 

Pressure  controller  and  pressure  controlled  ventilation 
[Deshpandel    38(12):1429  letter  [response  by  Piedalue] 
Pressure  Support  Ventilation 

Pressure  controller  and  pressure  controlled  ventilation 
[Deshpande]    38(12):  1429  letter  [response  by  Piedalue | 

Ventilatory  support  for  the  90s:  pressure  support  ventilation 
[Campbell  &  Branson]    38(5):526  Kittredge's  Corner 
Product  Problem  Reporting  Program 

Deja  vu!  a  CPR  device  to  the  attention  of  MEDWatch 
[Fluck]    38(10):  11 12 /«/<•/• 

MEDWATCH:  The  new  FDA  medical  products  reporting  pro- 
gram [Kennedy]    38(10):  1077  editorial 
Professionalism 

A  call  to  participate — clinical  practice  guidelines  [Brougher] 
38(2):  181  editorial 
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Walking  the  walk — not  just  talking  the  talk:  cigarette  smok- 
ing and   respiratory  care  practitioners   [Robbins  et 
al]    38(10):  1069  editorial 
Protocols 

Cost-benefit  considerations  in  managing  oxygenation  failure 

[Morris]    38(7):829  conference  proceedings 
Misallocation  of  respiratory  care  services:  time  for  a  change 

[Stoller]    38(3):263  editorial 
Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]    38(11): 
1143  research  article 
Protocols,  Therapist-Driven 

A  manager's  perspective  on  respiratory  therapy  consult  ser- 
vices [Orens]    38(8):884  editorial 
Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]    38(11): 
1143  research  article 
Pulmonary  Artery  Catheters:  See  Catheters  &  Catheteriza- 
tion 
Pulmonary  Edema 

Acute  pathophysiology  after  wood  smoke  inhalation  in  a  dog 
model:  effects  of  PEEP  on  oxygenation  and  lung  water 
[Clark  et  al]    38(12):1346  research  article 
Bland  aerosol  administration    38(11):  1196  clinical  practice 

guideline 
A  mechanistic  approach  to  providing  adequate  oxygenation 
in  acute  hypoxemic  respiratory  failure  [Wood  &  Hall] 
38(7):784  conference  proceedings 
Objection  to  case  report  of  Nishizawa  et  al  [Mercurio] 

38(9):1028  letter  [response  by  Chaffee  &  Goto] 
Pulmonary  edema  induced  by  endotracheal  tube  obstruction 
[Nishizawa  et  al]    38(5):479  case  report 
Pulmonary  Embolism 

Blood  Gas  Corner  #31 — a  patient  presenting  with  leg  pain 
and  shortness  of  breath  [Ollivier]    38(  10):  1 107  Blood  Gas 
Corner 
Pulmonary  Function  &  Pulmonary  Function  Testing:  Also 
see  "PFT  Corner"  Features  and  Specific  Headings  (eg. 
Compliance,  Pulmonary) 
Computerized  ventilation  monitoring  [Brunner  &  Thomp- 
son]   38(  1 ):  1 10  special  article 
Evaluation  of  the  agreement  between  portable  peak  flow  me- 
ters and  a  calibrated  pneumotachometer  [Simmons  et 
al]    38(8):916  research  article 
Measuring  total  pulmonary  compliance  with  a  volume-con- 
trolled infant  resuscitator:  a  bench  study   [Kissoon  et 
al]    38(9):985  research  article 
Retrospectroscope — 1975:  pulmonary  diffusing  capacity  for 
carbon  monoxide  (DLco)  [Comroe]    38(1):141  classic 
reprint 
Retrospectroscope  Redux:  either — or?  why  not  both? 

[Comroe]    38(5):543  classic  reprint 
Single-breath  carbon  monoxide  diffusing  capacity    38(5): 
511  clinical  practice  guideline 
Pulmonary  Physiology 

Normal  &  abnormal  oxygenation:  physiology  &  clinical  syn- 
dromes [Pierson]    38(6):587  conference  proceedings 


Retrospectroscope  Redux:  either — or?  why  not  both? 
[Comroe]    38(51:543  classic  reprint 
Pulse  Oximetry:  See  Oximeters  &  Oximetry 
Quality  Assurance 

Quality  assurance  for  respiratory  care  services:  a  computer- 
assisted  program  [Elliott]    38(  1  ):54  special  article 
Radiography,  Diagnostic:  See  "Test  Your  Radiologic  Skill" 

Features 
Recycling 

Adventures  in  recycling:  the  reuse  of  "disposable"  pulse 
oximeter  probes  [Salyeretal]    38<10):1072  editorial 
Research 

Cost-benefit  considerations  in  managing  oxygenation  failure 
[Morris]    38(7):829  conference  proceedings 

Retrospectroscope  Redux:  either — or?  why  not  both? 
[Comroe]    38(5):543  classic  reprint 

Retrospectroscope  Redux:  Frankenstein,  Pickwick,  and 
Ondine  [Comroe]    38(8):940  classic  reprint 

Retrospectroscope  Redux:  how  to  make  hasenpfeffer 
[Comroe]    38(  10):1099  classic  reprint 
Resistance 

Computerized  ventilation  monitoring  [Brunner  &  Thomp- 
son]   38(  1 ):  1 10  special  article 

Inspiratory  flow  patterns:  the  'shape'  of  ventilation  [Rau] 
38(1):  132  Kittredge's  Corner 

Resistance  to  flow  through  the  valves  of  mouth-to-mask  ven- 
tilation devices  [Hess  et  al]    38(2):183  research  article 
Resources,  Allocation  of:  Also  see  Respiratory  Care 
Departments/Services 

Misallocation  of  respiratory  care  services:  time  for  a  change 
[Stoller]    38(3):263  editorial 

Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]    38(  1 1 ): 
1143  research  article 
Respiration,  Tissue 

Normal  &  abnormal  oxygenation:  physiology  &  clinical  syn- 
dromes [Pierson]    38(6):587  conference  proceedings 
Respiratory  Care  Departments/Services:  Also  see  Protocols, 
Therapist-Driven 

Computerized  management  of  respiratory  care  [Greenway  et 
al]    38(  1  ):42  special  article 

A  manager's  perspective  on  respiratory  therapy  consult  ser- 
vices [Orens]    38(8):884  editorial 

Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]  38(11): 
1143  research  article 

Quality  assurance  for  respiratory  care  services:  a  computer- 
assisted  program  [Elliott]    38(  1  ):54  special  article 
Respiratory  Care  Practice  &  Procedures:  Also  see  Guide- 
lines, Recommendations,  &  Statements 

Advances  in  our  understanding  &  care  of  patients  with  cystic 
fibrosis  [Hardy]    38(3):282  symposium  proceedings 

Analysis  of  an  endotracheal  intubation  service  provided  by 
respiratory  care  practitioners  [Thalman  et  al]  38(5):469 
research  article 

A  call  to  participate — clinical  practice  guidelines  [Brougher] 
38(2):  181  editorial 
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Computerized  management  of  respiratory  care  [Greenway  et 
al]    38(  1  ):42  special  article 

Cost-benefit  considerations  in  managing  oxygenation  failure 
[Morris]    38(7):829  conference  proceedings 

HIV,  AIDS,  &  the  respiratory  care  practitioner  [Luce] 
38(2):189  lecture 

A  managers  perspective  on  respiratory  therapy  consult  ser- 
vices [Orens]    38(81:884  editorial 

Misallocation  of  respiratory  care  services:  time  for  a  change 
[Stoller]    38(3):263  editorial 

Multipatient  use  of  prefilled  disposable  oxygen  humidifiers 
for  up  to  30  days:  patient  safety  &  cost  analysis  [Golar  et 
al]    38(4):343  research  article 

New  Horizons  VIII:  emerging  therapies  for  respiratory  disor- 
ders [Hereon]    38(3):276  symposium  proceedings 

Objections  to  home  oxygen  CPG  [Meadows]  38(3):309  let- 
ter [response  by  Lewis] 

Permissive  hypercapnia  [Kacmarek  &  Hickling]  38(4):373 
symposium  proceedings 

Physician-ordered  respiratory  care  vs  physician-ordered  use 
of  a  respiratory  therapy  consult  service:  early  experience 
at  the  Cleveland  Clinic  Foundation  [Stoller  et  al]  38(11): 
1143  research  article 

Quality  assurance  for  respiratory  care  services:  a  computer- 
assisted  program  [Elliott]    38(  1):54  special  article 
Respiratory  Care  Practitioners 

Analysis  of  an  endotracheal  intubation  service  provided  by 
respiratory  care  practitioners  [Thalman  et  al]  38(5):469 
research  article 

HIV,  AIDS,  &  the  respiratory  care  practitioner  [Luce] 
m2):\89  lecture 

The  length  of  educational  preparation  and  academic  awards 
for  future  respiratory  care  practitioners:  a  delphi  study 
[Douce  &  Cullen]    38(91:1014  special  article 

Occupational  asthma  in  the  respiratory  care  worker  [Alberts] 
38(9):997  review  article 

The  re-emergence  of  tuberculosis:  a  previously  forgotten  dis- 
ease becomes  a  problem  for  caregivers  [Volosky  & 
Ruben]    38(8):880  editorial 

Walking  the  walk — not  just  talking  the  talk:  cigarette  smok- 
ing and  respiratory  care  practitioners   [Robbins  et  al] 
38(10):1069  editorial 
Respiratory  Failure 

Adult  respiratory  distress  syndrome  during  pregnancy 
[Ceyhan  et  al ]    38(9):993  case  report 

Cost-benefit  considerations  in  managing  oxygenation  failure 
[Morris]    38(7):829  conference  proceedings 

A  mechanistic  approach  to  providing  adequate  oxygenation 
in  acute  hypoxemic  respiratory  failure  [Wood  & 
Hall ]    38(7):784  conference  proceedings 

Noninvasive  bi-level  positive  pressure  ventilation:  manage- 
ment of  two  pediatric  patients  [Akingbola  et  al] 
38(101:1092  case  report 

Normal  &  abnormal  oxygenation:  physiology  &  clinical  syn- 
dromes [Pierson]    38(6):587  conference  proceedings 

Oxygenation  in  the  critically  ill  patient:  conference  summary 
[Dantzker]    38(7):842  conference  proceedings 

Pharmacologic  approaches  to  respiratory  failure  [Hudson] 
38(7):754  conference  proceedings 


Pressure-control  ventilation  with  a  Puritan-Bennett  7200a 
ventilator:  application  of  an  algorithm  &  results  in  14  pa- 
tients [Howard]  38(1  ):32  research  article  [correction  of 
Fig.  1  38(3):317]  Also  see  related  letter  &  response 
38(5):550 

Therapeutic  manipulations  of  oxygen  consumption  and  car- 
bon dioxide  production  in  acute  respiratory  failure 
[Stoller]    38(7):769  conference  proceedings 
Respiratory  Mechanics 

Microprocessor-based  mechanical  ventilation   [Sanborn] 
38(  1  ):72  special  article 
Resuscitation  &  Related  Equipment  &  Supplies 

Additional  data  on  emergency  ventilation  equipment  [Kis- 
soon&  Tiffin]    38(2):207  letter 

Advanced  cardiac  life  support  update:  uses  of  drugs 
[Mathewson  &  Conyers]    38(9):  1020  drug  capsule 

Arrest  following  a  prolonged  course  of  periodic  coughing 
and  fever  in  a  child  [Sullivan  &  Kacmarek]  38(10):  1103 
Test  Your  Radiologic  Skill 

Deja  vu!  a  CPR  device  to  the  attention  of  medWatch 
[Fluck]    38{W):1112  letter 

An  evaluation  of  the  effects  of  fatigue,  impedance,  &  use  of 
two  hands  on  volumes  delivered  during  bag-valve  ventila- 
tion [Hess  et  al]    38(3):271  research  article 

Measuring  total  pulmonary  compliance  with  a  volume-con- 
trolled infant  resuscitator:  a  bench  study  [Kissoon  et 
al]    38(9):985  research  article 

Resistance  to  flow  through  the  valves  of  mouth-to-mask  ven- 
tilation devices  [Hess  et  al]    38(2):183  research  article 

Resuscitation  in  acute  care  hospitals    38(11):  1179  clinical 
practice  guideline 
Retrospectroscopes:  See  "Classic  Reprints" 
Ribavirin 

Nonconventional  ribavirin  administration,  via  incubator 
[Volsko]    38(3):310  letter 
Sighs 

Deep  breaths,  sighs,  and  pulmonary  artery  catheters  [Reesor] 
38(  10):  11 19  letter 
Sleep  Apnea  Syndrome 

PFT  Corner  #49 — noise  or  upper  airway  disorder?  [Dennison 
etal]    3m):202  PFT  Corner 

SleepLab  4.56  (CNS  Inc)  [Weilacher]    38(3):306  software 
review 
Smoke  Inhalation 

Acute  pathophysiology  after  wood  smoke  inhalation  in  a  dog 
model:  effects  of  PEEP  on  oxygenation  and  lung  water 
[Clark  et  al]    38(12):  1346  research  article 
Smoking  Cessation 

Transdermal  nicotine  for  smoking  cessation  [Rennard  & 
Daughton]    38(3):290  symposium  proceedings 

Walking  the  walk — not  just  talking  the  talk:  cigarette  smok- 
ing and  respiratory  care  practitioners  [Robbins  et  al] 
38(10):1069  editorial 

Why  we  must  help  parents  stop  smoking  [Nett]    38(9):982 
editorial 
Smoking  of  Tobacco 

Walking  the  walk — not  just  talking  the  talk:  cigarette  smok- 
ing and  respiratory  care  practitioners  |Robbins  et  al] 
38(101:1069  editorial 
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Why  we  must  help  parents  stop  smoking  [Nett]    38(9):982 
editorial 
Software  Reviews 

SleepLab  4.56  (CNS  Inc)  [Weilacher]    38(3):306  software 
review 
Spirometry:  Also  see  Pulmonary  Function  Testing 

Evaluation  of  the  agreement  between  portable  peak  flow  me- 
ters and  a  calibrated  pneumotachometer  [Simmons  et 
al]    38(8):916  research  article 
Steroids 

Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  all    38(12):1355  research  article 

Pharmacologic  approaches  to  respiratory  failure  [Hudson] 
38(7):754  conference  proceedings 
Students 

Prediction  models  &  their  application  [Black]    38(4):413 
letter  [response  by  Op*t  Holt  &  Dunlevy] 
Suction,  Suctioning,  &  Suction  Devices  &  Supplies 

Endotracheal  suctioning  of  mechanically  ventilated  adults  & 
children  with  artificial  airways  38(5):500  clinical  prac- 
tice guideline 

Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  al[    38U2):1355  research  article 
Sulfhemoglobinemia 

Cyanosis  and  sulfhemoglobinemia:  a  case  report  [O'Connor] 
38<10):1088cw  report 
Surfactant  &  Surfactant  Therapy 

Factors  affecting  microbial  colonization  of  the  trachea  and 
septicemia  in  mechanically  ventilated  neonates  [Cordero 
et  al]    38(12):1355  research  article 

Pharmacologic  approaches  to  respiratory  failure  [Hudson] 
38(7):754  conference  proceedings 

Surfactant  therapy  in  the  adult  respiratory  distress  syndrome 
[Steinberg]    38(4):365  symposium  proceedings 
Surgery 

More  from  "New  Horizons  VIII":  a  new  era  in  thoracic  sur- 
gery, &  two  new  approaches  to  therapy  in  ARDS  [Piersonj 
38(4):362  symposium  proceedings 

Retrospectroscope  Redux:  inflation— 1904  model 
[Comroe]    38(12):1418  classic  reprint 

Thoracoscope  surgery  [Wood]  38(4):388  symposium  pro- 
ceedings 

Upper  airway  trauma  &  obstruction:  a  review  of  causes,  eval- 
uation, &  management  [Kovac]    38(4):351  review  article 
Symposium  Proceedings:  See  Conference  &  Symposium 

Proceedings 
Terminology 

Retrospectroscope  Redux:  Frankenstein.  Pickwick,  and 
Ondine  [Comroe]    38(8):940  classic  reprint 

Retrospectroscope  Redux:  a  sea  of  air  [Comroe]    38(3): 
301  classic  reprint 
"Test  Your  Radiologic  Skill"  Features  (brief  case  reports 
including  radiographs,  with  questions,  answers,  & 
discussion) 

Abnormal  chest  radiograph  after  central  line  placement 
[Medin  &  Ognibene]  38(1):  125  Test  Your  Radiologic 
Skill 


Arrest  following  a  prolonged  course  of  periodic  coughing 
and  fever  in  a  child  [Sullivan  &  Kacmarek]  38(10):  1103 
Test  Your  Radiologic  Skill 

Complication  due  to  a  central  venous  catheter  [Nerida  & 
Gopinath]    38(9):1028  letter  [response  by  Clevenger] 

A  late  developing  complication  in  a  blunt  trauma  patient 
[Woodruff  &  Clevenger]  38(2):197  Test  Your  Radiologic 
Skill 

Left  shoulder,  neck,  and  chest  pain  with  dyspnea  and  nonpro- 
ductive cough  [Brooks  and  Mishoe]  38(11):  1201  Test 
Your  Radiologic  Skill 

Radiographic  findings  in  a  blunt  trauma  patient  [Nadell  & 
Clevenger]    38(  12):  1423  Test  Your  Radiologic  Skill 
Therapist-Driven  Protocols:  See  Protocols,  Therapist- 
Driven 
Thoracoscopy 

Thorascopic  surgery  [Wood]    38(4):388  symposium  pro- 
ceedings 
Tracheostomy:  Also  see  Airway  Care  &  Management 

Comparison  between  conventional  cap  and  one-way  valve  in 
the  decannulation  of  patients  with  long-term  tra- 
cheostomies [Le  et  al ]    38(  1 1 ):  1 161  research  article 

Tracheostomy  discontinuation:  impact  of  tube  selection  on 
resistance  during  tube  occlusion  [Beard  &  Monaco] 
38(3):267  research  article 
Transplantation  of  Organs 

Advances  in  our  understanding  &  care  of  patients  with  cystic 
fibrosis  [Hardy]    38(3):282  symposium  proceedings 

Lung  transplantation — an  update  [Jenkinson]    38(3):278 
symposium  proceedings 
Transport 

Transport  of  the  mechanically  ventilated  patient    38(11): 
1 169  clinical  practice  guideline 
Trauma  &  Trauma  Care 

Complication  due  to  a  central  venous  catheter  [Nerida  & 
Gopinath]    38(9):  1028  letter  [response  by  Clevenger] 

A  late  developing  complication  in  a  blunt  trauma  patient 
[Woodruff  &  Clevenger]  38(2):197  Test  Your  Radiologic 
Skill 

Radiographic  findings  in  a  blunt  trauma  patient  [Nadell  & 
Clevenger]    38(12):1423  Test  Your  Radiologic  Skill 

Upper  airway  trauma  &  obstruction:  a  review  of  causes,  eval- 
uation, &  management  [Kovac]    38(4):351  review  article 
Tuberculosis:  Also  see  Infection  &  Infection  Control 

Control  of  tuberculosis  in  the  United  States  [ATS]  38(8): 
929  reprinted  statement 

HIV.  AIDS,  &  the  respiratory  care  practitioner  [Luce] 
38(2):189  lecture 

The  re-emergence  of  tuberculosis:  a  previously  forgotten  dis- 
ease becomes  a  problem  for  caregivers  [Volosky  & 
Ruben]    38(81:880  editorial 
Tubes,  Endotracheal:  Also  see  Airway  Care  &  Management 

More  objections  to  Branson-Chatbum  humidification  editori- 
al [Demers]    38(  1 1  ):1205  letter  [response  by  Branson) 

Objection  to  case  report  of  Nishizawa  et  al  [Mercurio] 
38(9):  1028  letter  [response  by  Chaffee  &  Goto] 

Pulmonary  edema  induced  by  endotracheal  tube  obstruction 
[Nishizawa  et  al]    38(5):479  case  report 
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Upper-Airway  Disorders 

PFT  Corner  #48 — an  uncommon  variant  of  an  upper-airway 

disorder  [Wanger  &  Beam]    38(1):129  PFT  Corner 
PFT  Corner  #49 — noise  or  upper  airway  disorder?  [Dennison 

etal]    38(2):202  PFT  Corner 
Vasodilators 

Advanced  cardiac  life  support  update:  uses  of  drugs 

[Mathewson  &  Conyers]    38(9):  1020  drug  capsule 
Pharmacologic  approaches  to  respiratory  failure  [Hudson] 

38(7):754  conference  proceedings 
Ventilation-Perfusion  Abnormalities  &  Diagnosis 

Acute  pathophysiology  after  wood  smoke  inhalation  in  a  dog 

model:  effects  of  PEEP  on  oxygenation  and  lung  water 

[Clark  et  al]    38(12):1346  research  article 
Blood  Gas  Corner  #31 — a  patient  presenting  with  leg  pain 

and  shortness  of  breath  [Olli  vier]    38(  10):  1 107  Blood  Gas 

Corner 


Videotape  Reviews 

Preparing  the  Patient  &  Family  for  Ventilator  Care  at  Home: 
A  Team  Approach  (Asher)  [Mclnturff]    38(1):  145  video- 
tape review 
Vocal  Cord  Dysfunction 

PFT  Corner  #48 — an  uncommon  variant  of  an  upper-airway 
disorder  [Wanger  &  Beam]    38(1):129  PFT  Corner 
Work  of  Breathing 

Patient-ventilator  interaction:  rational  strategies  for  ventila- 
tory management  [Marini]    38(5):482  lecture 

Tracheostomy  discontinuation:  impact  of  tube  selection  on 
resistance  during  tube  occlusion  [Beard  &  Mona- 
co]   38(3):267  research  article 

Ventilatory  support  for  the  90s:  pressure  support  ventilation 
[Campbell  &  Branson]    38(5):526  Kittredge 's  Corner 
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Notices 


The  American  Respiratory  Care  Foundation  Announces 
Literary  Awards  for  1993 


Dr  Allen  DeVilbiss  Award 

Best  paper  published  from  November  1992  through 

October  1993  that  addresses  new  technology  or  a  new 

application  of  current  technology  in  respiratory  care 

($2,000  cash  plus  travel  expenses  to  the  AARC  Annual 

Meeting  to  receive  the  award) 

Choice  of  Mechanical  Ventilator:  Influence  on  Nebu- 
lizer Performance — Michael  McPeck  BS  RRT,  Thomas 
G  O'Riordan  MB.  and  Gerald  C  Smaldone  MD  PhD 
[RespirCare  1993;38(8):887-895] 


(4)  Cyanosis  and  Sulfhemoglobinemia:  A  Case  Re- 
port—James M  O'Connor  BA  RPFT  RPsgT  RRT 
[RespirCare  1993;38(  10):  1088-1091] 

Best  Papers  Submitted  by  1993  Open  Forum 
Participants  Who  Have  Never  Published  as  First  Author 

($500) 

(1)  Interruption  of  Oxygen  Therapy  during  Intra- 
Hospital  Transport  of  Non-ICU  Patients — Celeste  R 
Stubbs  RRT,  Karen  J  Crogan  RRT,  and  David  J  Pierson 
MD 


1993  Allen  &  Hanburys  Award 

Best  Original  Paper  Accepted  for  Publication  from 
November  1992  through  October  1993  ($2,000) 

Comparison  of  Nebulizer  Delivery  Methods  through  a 
Neonatal  Endotracheal  Tube:  A  Bench  Study — Joseph  L 
Rau  Jr  PhD  RRT  and  Robert  J  Harwood  MSA  RRT 
[RespirCare  1993;37(11):  1233-1240] 


4  Papers  Based  on  any  Open  FORUM  Presentation 
($1,000) 


(2)  An  In  Vitro  Comparison  of  3  Methods  of  Metered 
Dose  Bronchodilator  Delivery  To  Intubated  Adults 
Receiving  Mechanical  Ventilation — Robert  Harwood 
MSA  RRT,  Joseph  L  Rau  Jr  PhD  RRT,  and  Lynda 
Thomas-Goodfellow  MBA  RRT 

(3)  Rebreathing  Technique  for  Performing  Xenon  Lung 
Scans  on  Intubated  Patients — Howard  C  McDonald  Jr 
RCP,  Bahram  Redjaee  MD,  and  William  Higgins 

(4)  Comparison  of  Pressure  Support  and  Pressure  Sup- 
port with  Flow-By  Combination  Using  a  Weaning  Pro- 
tocol in  the  Cardiovascular  Recovery  Room — Hernando 
Mesina  RRT,  Doug  Sabau  RRT,  Wadie  Williams  RRT, 
Elizabeth  Bearden  RRT,  Joy  Kraus-Hargett  RRT,  and 
John  Sabo  RRT 


(1)  Analysis  of  an  Endotracheal  Intubation  Service  Pro- 
vided by  Respiratory  Care  Practitioners — Janice  J  Thai- 
man  BS  RRT,  Susan  Rinaldo-Gallo  MEd  RRT,  and  Neil 
R  Maclntyre  MD  [RespirCare  1993;38(5):469-473] 

(2)  Evaluation  of  the  Agreement  between  Portable  Peak 
Flow  Meters  and  a  Calibrated  Pneumotachometer — 
Mark  Simmons  MSEd  RPFT  RRT,  Tiffany  Wynegar  BS 
CRTT,  and  Dean  Hess  MEd  RRT  [Respir  Care  1993,38 
(8):916-922] 

(3)  Capnometry  in  the  Surgical  ICU:  An  Analysis  of  the 
Arterial-to-End-Tidal  Carbon  Dioxide  Difference — John 
M  Graybeal  CRTT  and  Garfield  B  Russell  MD  [Respir 
Care  1993;38(8):923-928] 


Radiometer  Awards  for  Best  Features 

PFT  Corner  #49 — Noise  or  Upper  Airway  Disorder? — 
Franklin  H  Dennison  MEd  RPFT  RRT.  Arthur  A  Taft 
MHS  RRT,  and  Bashir  A  Chaudhary  MD  [Respir  Care 
1993;38(2):202-206] 

PFT  Corner  #50— Is  It  Really  Asthma?— Sandra  E  King 
AS  RRT,  Pamela  Leisenring  AS  RRT.  and  Robert  H 
Warren  MD  [RespirCare  1993;38(5):538-541] 

Test  Your  Radiologic  Skill — Left  Shoulder,  Neck,  and 
Chest  Pain  with  Dyspnea  and  Nonproductive  Cough — C 
Worth  Brooks  Jr  BS  RRT  and  Shelley  C  Mishoe  MEd 
RRT  [RespirCare  1993:38(1 1):  1201-1204] 
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Calendar 
of  Events 


AARC  &  AFFILIATES 

February  22-25, 1994  in  Reno,  Nevada.  The  NSRC  and 

the  American  Lung  Association  of  Nevada  present  the 
1 3th  Annual  High  Sierra  Critical  Care  Conference  at  the 
Peppermill  Hotel  Casino.  The  four-day  conference  pre- 
sents critical  care  topics  covering  adult,  pediatric,  and 
neonatal  issues.  Contact:  Colleen  Banghart,  American 
Lung  Association  of  Nevada,  PO  Box  7056,  Reno  NV 
89510.  (702)  829-5864  (9  am  to  3  pm  PST). 

OTHER  MEETINGS 

January  28-29,  Amelia  Island,  Florida.  Assessment  and 
Treatment  of  Tracheotomy-Tube  and  Ventilator- 
Dependent  Persons:  A  Transdisciplinary  Team  Approach. 
Contact  National  Rehabilitation  Services,  (517)  732-3866 
or  write  NRS,  PO  Box  1247,  Gaylord  MI  49735. 

February  17,  Baltimore  Maryland.  The  Johns  Hopkins 
Hospital  Department  of  Respiratory  Care  presents  a  semi- 
nar on  Respiratory  Care  and  topics  in  Critical  Care 
Medicine.  Includeing  Management  of  Pediatric  Trauma 
Patients,  ECMO  and  Nitric  Oxide  Therapy,  Intra-arterial 
Blood-Gas  Monitoring,  Pressure  and  Volume  Ventilation 
Techniques,  and  Mechanical  Ventilation  Techniques  in 
Managing  Asthma  and  Adult  Respiratory  Distress 
Syndrome.  AARC  Category  I  CRCEs  have  been  applied 
for.  Contact  Tony  Bilenki  RRT  at  (410)  955-9277. 

February  24-25,  Omaha,  Nebraska.  Clarkson  College, 
Division  of  Professional  Development  and  Clarkson 
Hospital  Department  of  Pulmonary  Medicine  present  the 
Third  Annual  Omaha  Regional  Pulmonary  Symposium. 
Topics  include  managed  competition,  case  management, 
writing  critical  pathways,  ARDS,  advances  in  oximetry 
and  capnography,  lung  transplantation,  and  depression  in 
chronic  illness.  National  speakers  include  Art  Vall- 
Spinosa  MD  and  Penny  Tice  RN  MSN.  Other  speakers 
include  local  and  regional  experts  in  pulmonary  care. 


Contact  Clarkson  College  at  800-647-5500  or  (402)  552- 
3039  to  receive  a  brochure. 

March  5-8, 1994  in  Glasgow,  Scotland.  The  International 
Congress  on  Smoking  Cessation.  For  further  information, 
please  contact:  Jane  Fensome,  Congress  Secretariat. 
Gardiner-Caldwell  Communications  Ltd,  The  Old  Ribbon 
Mill,  Pitt  Street,  Macclesfield,  Cheshire  SKI  1  7PT,  UK. 
Tel:  44  625  615325.  Fax:  44  625  616563. 
March  24-26,  1994  in  Helena,  Montana.  13th  Annual 
Big  Sky  Pulmonary  Ski  Conference.  Contact:  The 
American  Lung  Association  of  Montana,  825  Helena  Ave, 
Helena  MT  59601,  (406)  442-6556.  fax  (406)  442-2346. 

April  5-11,  Miami,  Florida.  The  1994  session  of  Miami 
Children's  Hospital's  Annual  VACC  Camp  for  ventila- 
tion-assisted children  and  their  families  will  be  held. 
Application  due  date  is  Jan.  5,  1994.  This  community- 
based,  free  camp  program  provides  recreation  and  social 
support  for  children  with  trachs,  vents,  CPAP,  etc..  and 
their  moms,  dads,  and  siblings  at  least  five  years  old. 
Technology-dependent  children  should  have  normal  cog- 
nitive potential.  Contact:  Director  Moises  Simpser,  MD, 
or  Program  Coordinator  Cathy  Klein,  Ventilation 
Assisted  Children's  Center,  Division  of  Pulmonology, 
Miami  Children's  Hospital,  3200  SW  60th  Court,  Suite 
203,  Miami  FL  33155-4076,  (305)  662- VACC. 

April  21-22,  1994,  San  Diego,  California.  Round-Up 
your  rehab  skills  by  attending  the  California  Society  for 
Pulmonary  Rehabilitation's  5th  Annual  Educational 
Seminar  at  the  beautiful  U.S.  Grand  Hotel.  Speakers  dis- 
cuss exercise  and  nutrition,  osteoporosis,  ethical  issues, 
allergy  and  environmental  control,  depression  in  COPD. 
and  much  more.  Also  join  us  for  a  country/western  recep- 
tion and  dance.  For  more  information,  contact  Mary  Jo 
Goldzimer  RN  RCP,  (619)  759-1513  or  Ann  Devine  BS 
RRT  (909)  884-6673. 
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1994  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invited 
to  present  papers  at  the  OPEN  Forum  during  the  AARC  Annual 
Meeting  in  Las  Vegas,  Nevada,  December  10-13,  1994.  Ac- 
cepted abstracts  will  be  published  in  the  November  1994  issue 
of  Respiratory  Care.  Membership  in  the  AARC  is  not  nec- 
essary for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1 )  an  original  study,  (2)  the  eval- 
uation of  a  method  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing  care/  re- 
habilitation, perinatology/pediatrics,  cardiopulmonary  tech- 
nology, health  occupations  education,  or  management  of  per- 
sonnel and  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  national — 
meeting  and  should  not  have  been  published  previously  in  a 
national  journal.  The  abstract  will  be  the  only  evidence  by 
which  the  reviewers  can  decide  whether  the  author  should  be 
invited  to  present  a  paper  at  the  Open  Forum.  Therefore,  the 
abstract  must  provide  all  important  data,  findings,  and  conclu- 
sions. Give  specific  information.  Do  not  write  such  general 
statements  as  "Results  will  be  presented"  or  "Significance  will 
be  discussed." 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  First  line  of  ab- 
stract should  be  the  title  in  all  capital  letters.  Title  should  ex- 
plain content.  Follow  title  with  names  of  all  authors  (including 
credentials),  institution(s),  and  location.  Underline  presenters 
name.  Type  or  electronically  print  the  abstract  single  spaced  in 
the  space  provided  on  the  abstract  blank.  Insert  only  one  letter 
space  between  sentences.  Text  submission  on  diskette  is  en- 
couraged but  must  be  accompanied  by  a  hard  copy.  Identifiers 
will  be  masked  (blinded)  for  review.  Make  the  abstract  all  one 
paragraph.  Data  may  be  submitted  in  table  form  and  simple 
figures  may  be  included  provided  they  fit  within  the  space  al- 
lotted. No  figures,  illustrations,  or  tables  are  to  be  attached  to 
the  abstract  form.  Provide  all  author  information  requested  in 
right  column  of  abstract  form.  A  clear  photocopy  of  the  ab- 
stract form  may  be  used.  Standard  abbreviations  may  be  em- 
ployed without  explanation.  A  new  or  infrequently  used  ab- 
breviation should  be  preceded  by  the  spelled-out  term  the  first 
time  it  is  used.  Any  recurring  phrase  or  expression  may  be  ab- 
breviated if  it  is  first  explained.  Check  the  abstract  for  ( 1 )  er- 
rors in  spelling,  grammar,  facts,  and  figures;  (2)  clarity  of  lan- 
guage; (3)  conformance  to  these  specifications.  An  abstract  not 
prepared  as  requested  may  not  be  reviewed.  Questions  about 
abstract  preparation  may  be  telephoned  to  the  editorial  staff  of 
Respiratory  Care  at  (214)  243-2272. 

Deadlines 


Essential  Content  Elements 


Deadline  Allowing  Revision 


An  original  study  abstract  must  include  ( 1 )  Introduction:  state- 
ment of  research  problem,  question,  or  hypothesis;  (2)  Method: 
description  of  research  design  and  conduct  in  sufficient  detail 
to  permit  judgment  of  validity;  (3)  Results:  statement  of  re- 
search findings  with  quantitative  data  and  statistical  analysis; 
(4)  Conclusions:  interpretation  of  the  meaning  of  the  results.  A 
method/device  evaluation  abstract  must  include  ( 1 )  Intro- 
duction: identification  of  the  method  or  device  and  its  intended 
function;  (2)  Method:  description  of  the  evaluation  in  suf- 
ficient detail  to  permit  judgment  of  its  objectivity  and  validity; 
(3)  Results:  findings  of  the  evaluation;  (4)  Experience:  sum- 
mary of  the  author's  practical  experience  or  a  notation  of  lack 
of  experience;  (5)  Conclusions:  interpretation  of  the  evaluation 
and  experience.  Cost  comparisons  should  be  included  where 
possible  and  appropriate.  A  case  report  abstract  must  report  a 
case  that  is  uncommon  or  of  exceptional  teaching/learning  val- 
ue and  must  include:  (1)  patient  data  case  summary  and  (2) 
significance  of  case.  Content  should  reflect  results  of  literature 
review.  The  author)  s)  should  have  been  actively  involved  in 
the  case  and  a  case-managing  physician  must  be  a  co-author  or 
must  approve  the  report. 


Authors  may  choose  to  submit  abstracts  early.  Abstracts 
received  by  March  5  will  be  reviewed  and  the  authors  notified 
by  April  22.  Rejected  abstracts  will  be  accompanied  by  a  writ- 
ten critique  that  should  in  many  cases  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (May 
28). 

Final  Deadline 

The  mandatory  Final  Deadline  is  May  28  (postmark).  Au- 
thors will  be  notified  of  acceptance  or  rejection  by  letter 
only — to  be  mailed  by  August  15. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
form  and  a  stamped,  self-addressed  postcard  (for  notice  of  re- 
ceipt) to: 

Respiratory  Care  Open  Forum 
11030  Abies  Lane 
Dallas  TX  75229-4593 
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1.  Title  must  be  in  all  uppercase  (capital)  letters,  au- 
thors" full  names  and  text  in  upper  and  lower  case. 

2.  Follow  title  with  all  authors'  names  including  cre- 
dentials (underline  presenter's  name),  institution, 
and  location. 

3.  Do  not  justify  (ie,  leave  'ragged'  right  margin). 

4.  Do  not  use  type  size  less  than  9  points. 

5.  All  text,  tables,  and  figures  must  fit  into  the  rec- 
tangle shown. 

6.  Submit  2  clean  copies.  This  form  may  be  photo- 
copied if  multiple  abstracts  are  to  be  submitted. 


Presenter's  Name  &  Credentials 


Presenter's  Mailing  Address 


Presenter's  Voice  Phone  &  Fax 


Corresponding  Author's  Name  &  Credentials 


Corresponding  Author's  Mailing  Address 


Corresponding  Author's  Voice  Phone  &  Fax 


Mail  original  &  1  photocopy 
(along  with  postage-paid  postcard)  to: 

Respiratory  Care  Open  Forum 
1 1030  Abies  Lane 
Dallas  TX  75229 

Early  deadline  is  March  15,  1994 
(abstract  received) 
Final  deadline  is  May  28,  1994 
(abstract  postnia  rked ) 
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News  releases  about  new  products  and  services  will  be  considered  for  publication  in  tins  section.  There  is  no  charge 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  CARE  journal.  Ne\ 
Products  and  Services  Dept,  1 11)30  Abies  Lane.  Dallas  TX  75229. 


New  Products 
&  Services 


SPUTUM  INDUCTION  BOOTH. 

Carl  Coppola  is  the  innovative  entre- 
preneur who  introduced  the  world's 
first  fully  furnished  and  equipped, 
modular  steel  jail  cell.  Subsequently, 
he  expanded  this  concept  into  a  spe- 
cially constructed  factory  built  iso- 
lation room  that,  according  to  the 
manufacturer.  Mark  Correctional  Sys- 
tems, exceeds  the  latest  recom- 
mendations of  the  Centers  for  Dis- 
ease Control,  NIOSH,  and  OSHA 
standards  for  isolation  of  tuberculosis 
patients.  The  design  incorporates  an 
ante  room  and  negative  air  pressure. 
Additional  applications  include  spu- 
tum-induction booths  equipped  with 
HEPA  filters  and  closed-channel  UV 
light  and  aerosolized  medication 
delivery  booths.  For  more  informa- 
tion, call  Michael  Rosenberg,  (201) 
368-8118.  Please  mention  Res- 
piratory Care  when  you  call. 


from  BCI  International  combines 
capnography  and  oximetry  in  one 
compact,  convenient  monitor.  The 
9000  displays  ETCO:,  N:0,  Spo:, 
inspired  CO:,  respiratory  rate,  and 
pulse  strength  and  rate.  This  monitor 
takes  only  30  seconds  to  warm  up  to 
factory  specifications  for  accuracy 
and  reliability.  "Therapy  Pause"  per- 
mits a  temporary  pause  during 
patient  treatments  while  monitoring 
continues.  The  built-in  printer  pro- 
vides several  convenient  report  for- 
mats including  trend,  histogram, 
real-time  strip  charts,  and  data  logs. 
For  information,  write  BCI  Inter- 
national, RC  Department,  w238 
N1650  Rockwood  Drive,  Waukesha 
WI  53188;  or  call  (414)  542-3100. 


CAPNOGRAPH/OXIMETER.  The 

Model  9000  Capnograph/Oximeter 


SILICONE      RESUSCITATORS. 

Laerdal  resuscitators  are  made  of 
resilient  silicone  and  transparent  poly- 
sulfone.  These  extremely  durable 
resuscitators  offer  a  long  shelf  life 
and  superior  economy.  They  can  be 
boiled,  pasteurized,  cold  sterilized, 
or  steam  autoclaved.  This  translates 
to  low-cost  decontamination,  faster 
turn-around  time,  and  smaller  inven- 
tory requirement.  As  hospitals  search 
for  more  ways  to  cut  costs,  provide 
uniformity  and  standardize  pur- 
chasing and  inventory  procedures. 
Laerdal  Silicone  Resuscitators  are 
recognized  for  their  superior  per- 
formance, dependability,  and  econ- 
omy. For  more  information,  call 
Laerdal  toll-free  (800)  431-1055. 
Don't  forget  to  mention  Respiratory 
Care  when  you  call. 


CUFF-PRESSURE  CONTROLLER. 

IPI  Medical  Products,  introduces  the 
PressureEasy.  A  device  intended  for 
automatic  endotracheal  tube  cuff 
inflation,  it  maintains  cuff  pressure 
between  18  and  27  cm  H:0.  It  may 
also  be  used  when  a  persistent  leak 
occurs  around  the  cuff  during 
mechanical  ventilation,  by  attaching 
the  device  to  the  ventilator-endo- 
tracheal  tube  circuit.  This  allows  the 
peak  airway  pressure  to  increase  the 
intracuff  pressure  during  each  breath, 
presumably  decreasing  the  leak  past 
the  cuff.  Made  in  the  USA.  For  fur- 
ther information,  please  call  or  write 
and  mention  Respiratory  Care  when 
you  do:  IPI  Medical  Products,  3217 
North  Kilpatrick  Ave,  Chicago  IL 
60641;  (312)  777-0900;  to  order, 
(800)323-8146. 


AARC  SUMMER  FORUM 

St  Petersburg  FL 
July  15-17.  1994 

AARC  ANNUAL  CONVENTION 
SITES  &  DATES 

1994  Las  Vegas.  Nevada 

December  1 0- 1 3 

1995  Orlando.  Florida 

December  2-5 
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Chess  «l  (curtesy  of  the  Gam  Ketpei 


When  you're  competing  for  life  and  breath, 

every  move  counts.  Drdger's  Babylog  8000  Ventilator 
offers  you  an  array  of  strategic  options  for  communicating 
with  newborns  at  special  risk.  These  tiny  patients  can't  I 
you  how  they're  interacting  with  the  ventilator...  but 
Drager  can,  making  it  possible  for  you  to  fine  tune  the 
ventilation  system  to  their  individual  needs. 


Drdger's  Babylog  8000  features  sophisticated  technological  advances.  Available  to  you  at  last,  is  a  fully 
integrated  airway  monitoring  and  graphics  system,  which  displays  waveforms  for  both  pressure  and  flow.  Drdger's 
flow-triggered  ventilation,  measured  at  the  Y-piece,  offers  you  more  predictability,  greater  control,  ond  ultimately, 
more  comfort  for  your  patient. 

You  know  that  your  next  move  could  save  a  life.  That's  why  you  need  Drager  to  help  you  meet  the  increasing 
challenges  of  intensive  core  for  newborns.  Make  the  right  move,  choose ... 


Drager:  Technology  for  Life 

4101  Pleosont  Volley  Drive  SuilelOO  Chantilly,  VA  22021  Tel:  (703)  81 7 -01 00  Fox:  (703)  817  0101 
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RESPIRADYNE^n 


PULMONARY   FUNCTION/VENTILATION   MONITOR 
raphic  Printouts... Multi-Patient  Memory... and  Easy  to  Use 


Results-Oriented  Features  At  Cost  Effective  Prices 


■  New  Graphic  Forced  Vital  Capacity  (FVC)  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodilator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVC)  monitoring  ■  Automatic  determination 
of  "best  test"  ■  Knudson,  ITS  and  ECCS  reference  nomograms  ■   Easy  to  operate 


Performs  A  Complete  Range  Of  Test  Measurements 

Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  (FVC)  ■  Forced  Expiratory  Volume  in  One  Second  (FEV,) 

■  FEV, /FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  2 5 % 
and  75%  of  Vital  Capacity  (FEF  25_75 J  ■   Percent  Extrapolated  Volume  (Vol.  EXTRA%) 

Weaning/ Extubation  Parameters 

■  Respiratory  Rate  (RR)  ■  Tidal  Volume  (TV)  ■  Minute  Volume  (MV)  ■  Slow  Vital 
Capacity  (SVC)  ■  Maximum  Voluntary  Ventilation  (MVV)  ■  Negative  Inspiratory 
Force  (NIF) 


For  further  information,  call: 


1-800-325-7472  (outside  Missouri) 

A  Sherwood 

^^ ME  DIC  SI 


1-800-392-73 18  (in  Missouri) 
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